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A REVISION OF NEARCTIC CHALCEDECTINI
(CHALCIDOIDEA: PTEROMALIDAE) WITH A

NEW WORLD CHECKLIST

E. E. Grissell

Systematic Entomology Laboratory, PSI, Agricultural Research Service, USDA, % U.S.

National Museum NHB 168, Washington, D.C. 20560.

Abstract.— Four Nearctic species of Chalcedectini are recognized in two genera: Dry-

adochalcis texana (Brues), Amotura hyalinipennis (Ashmead), n. comb., Amotura ma-
culipennis (Ashmead), n. comb., and Amotura caelata Grissell, new species. Euchrysia (=

Amotura) similis Girault is synonymized under A. hyalinipennis. Each previously de-

scribed species is redescribed, illustrated for the first time, and the previously undescribed

sexes for all species are recognized for the first time. A key to Nearctic taxa is presented,

and known geographic and host data are summarized. The Neotropical species Dryado-

chalcis superba DeSantis is discussed in relationship to its early confusion with D. texana.

A list of 1 5 New World species (with 8 new combinations) in 3 genera is given.

Key Words: Amotura, Dryadochalcis, wood-boring beetles, parasitic wasp

The group now referred to as Chalcedec-

tini (Hymenoptera: Pteromalidae: Cleo-

nyminae) (Boucek 1988) has had a long and

varied nomenclatural history. Although rel-

atively distinct in habitus, placement of

Chalcedectini in a hierarchical classification

has been problematic. At various times they

have been recognized as a subfamily of the

Cleonymidae (Ashmead 1904), as a sub-

family of Podagrionidae (Peck 1951), as a

family (Burks 1958, 1967), and as a sub-

family of Pteromahdae (Graham 1969). The
current placement as a tribe ofCleonyminae
(Boucek 1988) is accepted as the basis for

this paper.

Chalcedectini are an uncommonly col-

lected group of wasps, presumed to be par-

asitic on xylophagous beetles. Though rare,

the few nearctic species are each widely dis-

tributed throughout the Nearctic and
northern Neotropical Regions. According

to Boucek (1988) the Chalcedectini are cir-

cumtropical in distribution with the major-

ity of species found in the Neotropical Re-

gion. In the recent Catalog of Hymenoptera
in America North of Mexico, Burks (1979)

placed 2 genera and 4 species in the tribe.

More recently Boucek (1988) revised the

generic limits in his treatment of the Aus-

tralasian genera and species. As a result of

his revision, none of the 4 Nearctic species

are currently placed in the correct genus.

The intent of this paper is to clarify the

generic status of the four described Nearctic

species (one of which is synonymized), de-

scribe the previously unknown sexes of the

three remaining species, describe one new
species, and present a checklist of New
World taxa with eight new combinations.

Dryadochalcis superba, a Neotropical spe-

cies, is discussed in relation to its early con-

fusion with the Nearctic species D. texana.

Although I have collected, reared, and ac-

cumulated specimens for over 10 years,

fewer than 300 nearctic specimens have been

seen (from 15 museums). Material was bor-
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rowed from the following sources (abbre-

viations given are used in the text): CAS,
California Academy of Sciences, San Fran-

cisco, California; CDFA, California De-

partment of Food and Agriculture, Sacra-

mento, CaUfomia; CNC, Canadian National

Collection, Ottawa, Canada; BMNH, The
Natural History Museum, London, En-

gland; DCD, D. C. Darling Collection, To-

ronto, Canada; FSCA, Rorida State Collec-

tion of Arthropods, Gainesville, Florida;

MBR, Mueso Argentina de Ciencias Na-

turales Bernardino Rivadavia, Buenos Aires,

Argentina; Halstead Collection, J. A. Hal-

stead, Fresno, California; Hespenheide Col-

lection, H. A. Hespenheide, Los Angeles,

California; HUM, Hope University Muse-

um, Oxford, England; MLP, Museo La Pla-

ta, La Plata, Argentina; ROM, Royal On-
tario Museum, Toronto, Canada; TAMU,
Texas A & M University; UCD, University

of California, Davis, California; UCR, Uni-

versity of California, Riverside, California;

UI, University of Idaho, Moscow, Idaho;

USNM, National Museum of Natural His-

tory, Washington, D.C.

Abbreviations for morphological terms

used in the text are: F = flagellomere, MOL
= midocellar length (between mid- and hin-

docelli), OOL = ocellocular length (between

hindocellus and eye), POL = postocellar

length (between hindocelli), Mt = metaso-

mal tergum. In numbering the metasomal

(= abdominal, gastral) terga, I follow the

system used by Gibson (1989) wherein Mtl
is the petiole (virtually invisible), Mt2 is the

first visible tergum, and Mt7 bears the spira-

cles. Terga may be difficult to count because

in some species (e.g. Amotura caelata. Fig.

1 0) larger terga cover smaller ones, or terga

are either fused (Mt8 + 9) or so closely ap-

pressed as to appear fused. These conditions

are described for each species.

Chalcedectini

I have seen the types of 1 1 ofthe 1 5 known
New World Chalcedectini as well as at least

that many undescribed species from the

Neotropical Region. Although Boucek

(1988) revised the higher classification of

the Australasian Chalcedectini, there is still

much to learn about the New World forms.

In this paper I recognize 3 New World gen-

era: Dryadochalcis DeSantis, Amotura
Westwood, and Chalcedectus Walker. Bou-

cek (1988) pointed out that the genus Chal-

cedectus was based solely upon the type-

species Chalcedectus maculicornis Walker.

This Brazilian species has the temple ex-

panded into vertical crests with transverse

ridges and differs from Amotura in no other

discemable way (type in BMNH, exam-

ined). I am not convinced that monotypic

genera based upon such apparently autapo-

morphic conditions serve a purpose in un-

derstanding evolutionary pathways. Two of

the species included in this study (i.e. A.

caelata and A. maculipennis) might just as

easily be placed in monotypic genera based

upon autapomorphies. Given our limited

knowledge of the Chalcedectini, their rare-

ness, and the profusion of diverse morpho-

logical types apparent in just the 4 Nearctic

species it seems best, at present, not to frag-

ment the group into what would be mono-
typic genera. Until the New World species

are revised, I follow the generic concepts of

Boucek (1988) in order to maintain some
semblance of nomenclatural stability.

Chalcedectini are recognized by a com-
bination of the following characters: hind-

femur enlarged and with teeth along the

ventral edge, hindtibia arched, eyes diverg-

ing ventrally, antennae inserted nearer to

the clypeus than the midpoint of the head,

and in females the antenna has an apical

spicula. The antennae of both sexes are of

diagnostic value, but they vary in appear-

ance depending upon how the specimens are

prepared. In critical point dried material (i.e.

life-like) the apical clavomere of the female

is domed with a membranous sensory re-

gion and the spicula is readily apparent. In

males, the apical two clavomeres are diag-

onally truncate and the truncation is de-

veloped as a membranous sensory region.
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In air-dried specimens the sensory region of

both sexes usually collapses. This results in

females having a truncate or sunken clava

and the spicula may fold over and not be

immediately evident. In males, the sensory

region invaginates and causes the apex to

become triangularly asymmetrical.

Key to Nearctic Chalcedectini

1. Apex of hindtibia without spur, curved out-

ward as pointed projection, inner margin not

apparent and tibial comb absent (Fig. 26); in

female, Mt8 + 9 laterally compressed and many
times longer than wide (Fig. 11)

Dryadochalcis texana (Brues)

- Apex of hindtibia with 2 spurs ( 1 ofwhich may
be difficult to see), essentially concave, inner

and outer margins of tibial apex equally ap-

parent and tibial comb present (Fig. 25); in

female, Mt8 + 9 not laterally compressed and

as wide or wider than long (Figs. 9, 10)

Amotura Westwood ... 2

2. Hindfemoral teeth large, separated by gaps (Fig.

6); female: Mt2 deeply split medially, longi-

tudinally strigate (Fig. 1 0); male: metasoma ap-

pears composed of 2 equally long terga, Mt2
not medially split, with strong to faint longi-

tudinal sculpturing basally, other tergum

strongly transversely strigate

Amotura caelata Grissell, new species

- Hindfemoral teeth minute, scarcely separated

(Figs. 5, 7); female: Mt2 entire medially (Fig.

9), polished; male: with 4 or 5 apparent meta-

somal terga which are weakly sclerotized and

difficult to differentiate 3

3. Axillae and axillulae highly polished, posterior

region of scutum with well developed patch of

silver setae; forewing with postmarginal vein

much shorter than marginal vein (Fig. 20) . .

Amotura maculipennis (Ashmead)
- Axillae and axillulae sculptured, posterior re-

gion of scutum without patch of silver setae;

forewing with postmarginal vein much longer

than marginal vein (Fig. 18)

Amotura hyalinipennis (Ashmead)

Dryadochalcis DeSantis

Dryadochalcis T>t^2LnX\s, 1970: 25.

Type s^tciQS,.— Chalcedectes [sic] texanus

Brues. Orig. desig.

Although DeSantis (1970) described the

genus Dryadochalcis for texanus this change

was not noted in the most recent catalog

(Burks 1979) where texanus was placed in

Chalcedectus. The essential characters sep-

arating Dryadochalcis and Amotura are

stressed in the key, and I can add one ad-

ditional differentiating character to separate

them. In Dryadochalcis the distal segment

of the maxillary palpus is right-angled in

relation to its point of attachment (Fig. 24),

but in Amotura the segment is only slightly

curved (Figs. 21-23).

Dryadochalcis superba De Santis

(Fig. 12)

Dryadochalcis texanus of DeSantis, 1970:

26 (Figs. 5,6), 19 (description ofm.isiden-

tified female specimen as texanus).

Dryadochalcis superba DeSantis, 1977: 26.

New name for misidentified female tex-

anus ofDeSantis, 1 970 (nee male ofBrues

1907). Holotype 9, Santa Trinidad, Par-

aguay, MBR. [Examined].

Discussion.— This Neotropical species is

included here because of the confusion be-

tween it and the Nearctic species texana.

Brues (1907) described Chalcedectus tex-

anus based upon a male collected in Texas.

In 1 970, DeSantis described what he thought

was the female oi^ texanus based upon a sin-

gle female from Paraguay. He also trans-

ferred texanus to the new genus Dryado-

chalcis. In 1977, DeSantis stated that his

1970 description ofthe female oVtexanus"

was a misidentification and that this de-

scription actually referred to a new species

which he named superba. I have examined

the type of superba, as well as female spec-

imens from Argentina and Brazil, and I agree

with DeSantis that these specimens repre-

sent a species distinct from texana. The dif-

ferences between the 2 are not great and are

discussed under texana.

Material examined.— In addition to the

type specimen I have seen 6 9 as follows:

BRAZIL: 2 9, Amazonas, vie. Manaus, Re-

serva Ducke, 24-25 July 1981 and 1 August

1981, G. B. Fairchild, flight trap near pond

(FSCA); 1 9, Tonatins (BMNH); 1 9, Ron-
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Figs. 1-8. Chalcedectini. 1^, Heads, frontal and dorsal views. 1. Amotura busckii. 2. A. hyalinipennis. 3.

A. maculipennis. 4. Dryadochalcis texana. 5-8, Hind femora, outer view. 5. A. maculipennis. 6. A. caelata. 7.

A. hyalinipennis. 8. D. texana.

don, 5-IV-1962, F. Plaumann (USNM).
ARGENTINA: 1 9, Tucuman, Trancas-Ta-

canas, 1-30-XI-1968, L. Stange (MLP), and
1 9, 1 1 km W. Las Cejas (El Solidad), L.

Stange, Malaise trap (FSCA).

Dryadochalcis texana (Brues)

(Figs. 4, 8, 11, 13, 17, 24)

Chalcedectes texanus Brues, 1907: 106-107,

1 6. Holotype 6, U.S.A., Brownsville,

Texas, USNM #42714. [Examined].

Dryadochalcis texanus (Brues), n. comb.:

DeSantis, 1970: 26.

Female (first and only specimen for spe-

cies).— Length 13.7 mm. COLOR: Metallic

violaceous, with blue and green reflections,

except as follows: antenna black; wing veins

and tarsomeres 2-5 brown; tarsomere 1

white; basal '/3 of hindtibia faintly mahog-
any. Wings infuscate brown, most distinct

beneath parastigma and marginal vein.

SCULPTURE: Head and mesosoma most-

ly umbilicately punctured, reticulate (retic-

ulate-rugose) on head from dorsum of

scrobes to venter of head, mesopleuron

smooth in upper half, lower halftransverse-
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Mf8 + 9—^ ^

Mt 8 + 9

Mt7T 11

Mf 8+9-f

13

Figs. 9-16. Chalcedectini. 9-11, Metasomas, dorsal view (Mt = metasomal tergum). 9. Amotura hyalini-

pennis. 10. A. caelata. 11. Dryadochakis texana. 12-13, Plical carina of propodeum. 12. D. superha. detail of

carina only. 13. D. texana, left half of propodeum with expanded detail of carina. 14-16, Scutellum and

metanotum, side view (Ax = axillula). 14. A. hyalinipennis. 15. A. caelata. 16. A. maculipennis.

ly strigate, median area of propodeum
heavily rugose; submedian panels of pro-

podeum shiny with a few transverse wrin-

kles; Mt2 essentially polished, remaining

terga with faint transverse striations; hind-

femur shagreened with minute, widely

spaced punctures. SETATION: Head and
mesosoma generally covered with silvery

pubescence, dense patch ofrecumbent setae

present behind propodeal spiracle; follow-

ing areas asetose: scrobes, mesopleuron,

median and submedian areas of propo-

deum; metasomal terga essentially asetose

dorsally, laterally with sparse, short setae.

STRUCTURE: Head in facial view (Fig. 4)

with polished area of scrobes extended to

less than '/2 diameter of midocellus, area

above this with few weak punctures; scrobes

laterally sharp nearly entire distance; inter-

antennal area laterally sharp; malar distance

0.7 X intermalar distance (19:26) and 0.7 x

eye height (19:25). Head, in dorsal view (Fig.

4), with OOL:POL:MOL ratio as 5:6:4,

ocellocular area with anteriorly curving
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Figs. 17-26. Chalcedectini. 17-20, Forewing venation, dorsal view. \1 . Dryadochalcis texana. \S. Amotura

hyalinipennis. 19. A. caelata. 20. A. maculipennis. 21-24, Maxillary palpus, outer view. 21. A. hyalinipennis.

22. A. maculipennis. 23. A. caelata. 24. D. texana. 25-26, Hindtibial apex, left = inner view, right = outer view.

25. Amotura spp. 26. Dryadochalcis spp.

carinae, vertex 0.3 x head width (20:60).

Eyes bare. Scape essentially cylindrical, 5 x

as long as wide (55:11), ratio scape : pedicel

Fl-9: apical spicula as 55:18:8:20:12:14:12

1 1:9:5:4:3, pedicel 3x as long as wide (18

6). Propodeal plica obscured by setae that

continue from lateral panel upward over

edge of submedian panel (Fig. 13); hindfe-

mur (Fig. 8) 2 x as long as wide (60:30, ex-

cluding teeth), with 5 large teeth. Forewing

almost evenly setose except oval bare area

distal to basal cell, lower half of costal cell

(on dorsal surface), and area behind cubital

vein (basally), ratio SM:M:PM:S as 70:31:

40:10 (Fig. 17). Metasoma (Fig. 11) with

Mt2-8 + 9 in ratio of 19:5:6:9:15:30:39 in

dorsal view (Mt7 and 8 appear fused dor-

sally, lateral margins difficult to see), Mt2
slightly emarginate medially, otherwise ter-

ga essentially straight on hind margin.

Holotype male.— Body length 6.6 mm.

Coloration as for female, except metasoma
tinged orange in basal half. Otherwise as for

female except as follows: antenna with ratio

of scape : pedicel : Fl-9 as 44:12:5:14:12:10:

8:7:5:4:4 (right antenna missing beyond Fl),

pedicel 2 x as long as wide ( 1 2:6), metasoma
weakly sclerotized, basal halfsmooth, distal

half faintly alutaceous.

Material examined.— In addition to the

type male, I have seen one female from

U.S.A., Texas, Cameron County, 2-3 mi.

south ofSouthmost, 7-XII- 1978, E. E. Gris-

sell, A. S. Menke, malaise trap, xeric ham-
mock (USNM).

Discussion.— Since its original descrip-

tion in 1907, Brues' species texana has been

known only from the male. In 1978, Arnold

Menke and I trapped a female specimen

within a 10 mile radius of the type locality

and this is certainly the female of the spe-

cies. It differs only in expected secondary
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sexual characters. Females ofDryadochalcis

texana differ from those of superba in the

following characters: in texana the propo-

deal plica (Fig. 1 3) is obscured by setae that

continue from the lateral panel upwards,

over the panel, and onto the submedian

panel, whereas in superba (Fig. 1 2) the plica

is a well-defined, single ridge and the setae

which cover the lateral panel do not cross

over onto the submedian panel; in texana

the midocellus is separated from the dorsal

apex ofthe scrobal basin by a nearly smooth

area with a few ill-defined punctures im-

mediately below the midocellus, whereas in

superba there is a sculptured area subequal

in width to the midocellus. These characters

should work for the male of both species as

well, but that of superba is still unknown.

DeSantis (1977) cited several differences to

separate the species involving antennae and

hindfemora, but these have not proved ad-

equate.

Amotura Westwood

Polychroma Weslwood, 1874: 140.

Type species.—Polychroma histrionica

Westwood. Des. by Gahan & Fagan, 1923:

117. Preoc. by Polychrorna Dejean, 1833

(Coleoptera).

.4mofwra Cameron, 1884: 130-131.

Type species.—Amotura annulicornis

Cameron. Monotypic.

Po/yc/zrowar/wm Dalla Torre, 1897: 88. Re-

placement for Polychrorna Westwood.

Episystole GivdiwW, 1927: 317.

Type species.—Episystole poeta Girault.

Orig. Desig.

Neochalcodectus Masi, 1936: 68.

Type species.— Neochalcodectus sinaiti-

cus Masi. Monotypic.

The above synonymy is taken from Bou-

cek (1988) who explained the nomenclatur-

al history of the genus. Amotura is now the

correct name for all nearctic species previ-

ously placed in Euchrysia Westwood (Burks

1979). Euchrysia (sensu strictu) was syn-

onymized with Agamerion by Boucek

(1988). Girault (1917) published a key to

the 3 North American species ofEuchrysia,

but this is no longer useful.

Amotura hyalinipennis (Ashmead),

New Combination
(Figs. 2, 7, 9, 14, 18, 21)

Euchrysia hyalinipennis Ashmead, 1896:

231, ?6 2. Lectotype 9 (here designated),

Argus Mts., California, USNM No. 3334.

[Examined].

Euchrysia similis Girault, 1917: 15, 19. Ho-
lotype 9, Lawrence, Kansas, USNM No.

20464. [Examined]. New Synonymy.

As explained in the variation and discus-

sion sections below, this species appears to

be geographically variable. Therefore I have

redescribed the species based upon the lec-

totype ofhyalinipennis as the standard form

against which variation is measured.

Lectotype female.— Body length 4.0 mm.
COLOR: General body color black with

metallic green reflections especially on face,

pronotum, thoracic venter, basal Vi of Mt6;

hindfemur tinged purple; yellowish brown

are: Fl-5, palps, wing veins, tarsomeres 4-

5; tarsomeres 1-3 whitish. SCULPTURE:
Coarsely reticulate (reticulate-rugose) on

head from dorsum of scrobes to venter of

head, largest pits ca0.15x diameter of mi-

docellus (on frons reticulation much finer

and granular in nature, scrobes transversely

reticulate); mesosoma almost evenly retic-

ulate dorsally; transversely strigate are pos-

terior angle of sidelobe (scutum) between

notaulus and axilla, and Mt5-6 basally; me-

dian area of propodeum heavily rugose;

submedian panels ofpropodeum with a few

transversely rugose wrinkles; alutaceous to

weakly reticulate are: lower Vi of pronotum

laterally, tegula (weakly), venter of meso-

soma, lower % of mesopleuron, axillula

(weakly), legs (especially hindfemur), Mt2-

4, Mt8-9 (extremely weak, terga appear pol-

ished in most views), posterior Vi Mt5-6,

and entire Mt7; smooth are subalar area.
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upper V3 of mesopleuron, dorsellum, nucha.

SETATION: Head and mesosoma generally

covered with silvery pubescence except fol-

lowing areas bare: scrobes, mesopleural de-

pression, mesepimeron, median and sub-

median areas of propodeum (laterally with

a patch of decumbent setae below spiracle);

at least some of the pubescence near hind-

femoral teeth noticeably longer than else-

where on femur; tergal setation as follows:

Mt2-6 without dorsal setae, Mt7-9 with

sparse dorsal setae, laterally Mt2-5 with a

few setae along dorsal edge, Mt6-9 evenly

setose. STRUCTURE: Head in facial view

with scrobes extended to within 1.5 x di-

ameter of midocellus, scrobes well defined

laterally, fading dorsally into frons, inter-

antennal area without median carina, lat-

erally well defined, distance between outer

margins of hindocelli greater than distance

between inner margins of toruli (1.7 x , Fig.

2), malar distance 0.9 x intermalar distance

and 0.6 x eye height (20:32), clypeus straight,

in dorsal view ratio of OOL:POL:MOL as

1:4:3, frontovertex 0.3 x head width (36:

1 20), scape cylindrical in basal '/3, gradually

flattening ventrally in upper '/3, lateral ca-

rina present only on mesal margin in upper

'/3, scape 5.3 x as long as wide (53: 10), ratio

scape : pedicel : Fl-9 : apical spicula as 53:

20:8:11:11:10:9:8:7:6:6:6, pedicel 2.9 x as

long as wide (20:7). Pronotum nearly ver-

tical in lateral view, scutellum dorsally flat-

tened, laterally with angled edge which sets

off'poorly defined, inward sloping face which

is obscure where met by dorsellum (Fig. 1 4),

hindfemur (Fig. 7) with numerous, saw-like

teeth (each tooth tiny and not free from the

next); forewing evenly setose except oval

bare area distal to basal cell and area behind

cubital vein at base of wing, ratio SM:M:
PM:S as 50:18:40:6 (Fig. 18). Metasoma
(Fig. 9) in dorsal view widest in basal 73,

Mt2-9 with ratio of23:4:5:9:20: 1 2:7:5 (Mt8
and 9 may appear fused), terga essentially

straight on hind margins.

Male.— Body length 1.9-3.0 mm. Body
color predominantly black with metallic blue

or green reffections (or brassy red in south

Florida specimens). Otherwise as for female

except as follows: antenna with ratio of

scape : pedicel : Fl-9 as 37: 14:4:9:6:6:5:5:5:

4:7, pedicel 2x as long as wide (14:7), F2-9

covered with recurved, evenly spaced, silver

setae which give the flagellum a shiny ap-

pearance in some lights; metasoma weakly

sclerotized, Mt2 smooth, Mt3-8 alutaceous.

Type material.— £'wc/zrv5'/a hyalinipennis

was described from an unspecified number
of specimens. Six localities were listed by

Ashmead for his new species, and 6 females

have type labels in the USNM collection. I

consider these the only syntypical material,

and designate the specimen from Argus Mts.,

California as lectotype. This specimen is the

only complete one remaining but has its right

antenna, left foreleg (beyond coxa), and right

hindleg on a slide along with parts of the

holotype of £". similis. Euchrysia similis was

described from 1 female which is missing

the left wings and right midleg. The left fore-

and hindlegs (beyond coxae) and left anten-

na are on a slide.

Other material examined.— I have ex-

amined 70 females and 1 38 males as follows

(specimens in CAS, CDFA, CNC, DCD,
FSCA, ROM, TAMU, UCD, UI, USNM):
CANADA: Ontario, Quebec. UNITED
STATES: California (2 paralectotypes), Ar-

izona, New Mexico, Texas (paralectotype),

Kansas (holotype— 5/m/7z^), Missouri (par-

alectotype), Florida, Georgia, North Caro-

lina, South Carolina, Virginia, District of

Columbia, New Jersey, and Massachusetts.

MEXICO: Baja California Sur, San Luis Po-

tosi, Chiapas, and Yucatan.

Distribution.— This is a widespread and

relatively common species known from

southern Canada (Ontario) to southern

Mexico (Chiapas).

Variation.— Females vary in length from

3.0 to 5.0 mm. Color has been used to dis-

tinguish species in Amotura, but it is not

always reliable. In females, mesosomal col-

or varies from mostly blackish with metallic

green or blue-green to brassy-violet (in some
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Florida specimens). Girault (1917) separat-

ed his species similis from hyalinipennis pri-

marily by the infuscated forewing ofthe for-

mer and the hyaline forewing of the latter.

Additionally, similis had flagellomeres all

black while hyalinipennis had F2-5 reddish

brown. In examining almost 200 specimens

from the United States and Mexico it is not

possible to segregate these two forms by these

criteria. Basically, specimens from areas

bordering the 40th parallel and from higher

elevations tend to have dark antennae and

infuscated wings (similis) while specimens

from lower latitudes and elevations tend to

have reddish brown or yellowish flagello-

meres and no wing spot (hyalinipennis).

Specimens from southern California (type

locality) have Fl-5 yellowish, or occasion-

ally F2-4 are yellowish and F5 is darker

yellow basally fading to black apically.

Specimens from Texas, Florida, and lower

elevations of Mexico have only F2-4 yel-

lowish with F5 always black. Interpretation

of the brownish (or yellowish) coloration,

however, is fairly subjective. In some in-

stances the color is outstanding in contrast

to the remainder of the flagellum. In others,

flagellomeres 2-4 are merely slightly lighter

in color relative to the remainder. In all

males the antenna is completely black (but

with conspicuous silver setae). I see little

practical application in using antennal col-

oration for delimiting species. Interpreta-

tion of the forewing infuscation is equally

subjective in my opinion. It is not a matter

of a distinct spot or its position, but rather

the degree of intensity. Even the darkest in-

fuscation is pale at best, and only visible

under certain lighting (e.g. transmitted

backlighting).

In females the distance between the outer

margins of the hindocelli averages 1.4 x

longer than the distance between inner mar-

gins of the toruH (1.3-1.7 x, n = 10), the

width of the frontovertex compared to the

breadth of the head averages 0.30 x (0.29-

0.31, n = 10) and is independent of body

size, and the malar to intermalar distance

averages 1.0 x (1.0-1.1, n = 10).

I have seen exceptionally flattened indi-

viduals of this species in series of specimens

from the same locality. In some cases the

propodeum is nearly in the same plane as

the scutellum. This arises, I believe, due to

the host tunnel (in stems or twigs) being too

shallow for normal pupation of the wasp. If

pupation occurs, the resultant adult would
be deformed. Flattened specimens have been

collected as free-living individuals.

Based upon available specimens, the fol-

lowing descriptive material may be added

to the description for the lectotype female:

pronotum in dorsal view without apical ca-

rina, with median polished longitudinal line

(almost a carina), nearly diagonal strigose

sculpture radiates from this line; scutellum

laterally with distinct carina which fades to-

wards posterior apex; hindcoxa without

dorsal carina, outer face alutaceous and ase-

tose.

Hosts.— There are few specific rearing re-

cords for this species. The published records

(Burks 1979) include: Buprestidae: Chrys-

obothris deleta Leconte, C. mali Horn; Cer-

ambycidae: Oncideres rhodosticta Bates.

Records taken from examined specimens

are: Polycaon confertus LeConte (Bostrich-

idae) in Manzanita (California), and Dicer-

ca and Chrysobothris (Buprestidae) in

Rhamnus californica Eschscholtz, ex stems

of fire-damaged Desmanthus illinoensis

(Michaux) MacMillan (Texas), ex pecan twig

(Texas), ex citrus limbs (Rorida), ex Gle-

ditsia stems (New Jersey), ex Quercus du-

mosa Nuttall stems (California), ex dead

stems of Pinus ponderosa Douglas and

Pseudotsuga menziesii (Mirbel) Franco

(California), and ex mesquite stems (Cali-

fornia).

Discussion.— Yoshimoto ( 1 984) reported

a "possible new species of Chalcedectus'' as

the first Canadian record for the Chalce-

dectinae (= Chalcedectini). I have examined

those specimens and they are Amotura hy-

alinipennis. Darting ( 1 988: 28 1 4, 28 1 9) dis-
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cussed the phylogenetic implications of the

labrum of this species (as Euchrysid). I have

seen a voucher specimen (ROM collection)

from this study and it is correctly identified.

Amotura hyalinipennis can easily be dis-

tinguished from other nearctic species by

characters given in the key. It is most similar

to the Puerto Rican species A. busckii which

is known only from 5 specimens. A simple

color character separates both sexes of both

species: in A. hyalinipennis the scutellum is

concolorous with the scutum, usually black

to blackish green, whereas in A. busckii the

scutellum contrasts markedly in color with

the scutum (the former brilliant metallic

brassy red to green, the later brilliant blue

to purple-blue). It is not known ifthese color

extremes represent geographic variation or

not. The only morphological differences that

I can find are on the head of females (cf

Figs. 1, 2). In A. hyalinipennis the distance

between the outer margins of the hindocelli

is about 1.4 times greater than the distance

between the inner margins of the toruli

(range 1.3-1.7, n = 10, Fig. 2), whereas in

A. busckii this distance is about 0.9 times

(range 0.8-0.9, n - 4, Fig. 1). Also in fe-

males, the width of the frontovertex com-
pared to the face width is greater in A. hy-

alinipennis (0.29-0.31, n = 10) than in A.

busckii (0.20-0.25, n = 5). These differences

are not striking and may not be valid. I have

seen only 1 male o{ A. busckii and they do
not hold up for males.

Amotura maculipennis (Ashmead),

New Combination
(Figs. 3, 5, 16, 20, 22)

Euchrysia maculipennis Ashmead, 1896:

231,3. Lectotype $ (here designated), San-

ta Cruz Mountains, California, USNM
No. 3335. [Examined].

Female. — Body length 2.1-3.0 mm.
COLOR: Body metallic green to copper,

some specimens with purple reflections (es-

pecially from Rorida); brown are: scape and
pedicel (both may have metallic reflections),

apex of club, legs (except femora may be

brownish yellow), wing veins, and well-de-

fined infuscation beneath marginal vein

extending to hind margin of wing; flagello-

meres and tegula brownish yellow. SCULP-
TURE: Densely reticulate (fine to granular)

are: head from dorsum of scrobes to venter

ofhead, scutum, dorsum ofscutellum; high-

ly polished are: axillae, axillulae, and apical

vertical face of scutellum; polished with wi-

despaced pits are: sides of head and frons;

median propodeum vertically carinate, sub-

median panels polished and with irregular

carinae; Mt2-3 essentially polished, re-

mainder weakly alutaceous as are legs. SE-

TATION: Body covered with short, silvery

pubescence except bare are: scrobes, me-

sopleuron, median and submedian areas of

propodeum, dorsum ofMt2-8 + 9; posterior

half of scutum covered with dense, silvery

pubescence, much more noticeable than

elsewhere on body. STRUCTURE: Head in

facial view (Fig. 3) with frons flat, meeting

lower face at angle, scrobes ending at least

4 or 5 diameters before midocellus, scrobes

well defined to top, interantennal area well

defined laterally, malar distance subequal to

intermalar distance and ca. 0.6 x eye height,

clypeus straight, in dorsal view (Fig. 3) ratio

of OOL:POL:MOL ca. 1:4:3, frontovertex

ca. 0.33 X head width, scape almost 6x as

long as widest point in lateral view, ratio

scape : pedicel : Fl-9 : apical spicula as 40:

13:3:6:6:6:6:5:4:4:3:3, pedicel c<3. 2x as long

as wide. Pronotum vertical in lateral view,

with prominent, sharp carina across ante-

rior margin, scutellum bulging higher than

scutum, apically with vertical face almost

as wide as dorsellum (Fig. 16), hindcoxa

with delicate dorsal carina (more prominent

basally), hindfemur ventrally on outer edge

with numerous, minute teeth each distinct

from the next (Fig. 5); forewing essentially

bare from parastigma to base of wing, basal

vein with setal line, ventral surface of costal

cell with several complete setal rows, ratio

SM:M:PM:S as 45:20:1 1:5 (Fig. 20). Meta-
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soma about as for hyalinipennis (as in Fig.

9), all terga straight on hind margins.

Male.— Body length 1.9-2.3 mm. Differ-

ing from female only in that the forewing is

essentially hyaline.

Type material.— The number of speci-

mens in the type series was not stated, but

the word "types" was used. In the USNM
there are 3 male specimens all from Santa

Cruz Mountains, California and with USNM
"type" labels. I consider this to be the extant

type series. As no holotype was designated,

I have designated one specimen as lectotype

with a handwritten lectotype label.

Other material examined.— I have seen

23 9 and 7 $ of this species from the follow-

ing localities: MEXICO: 1 2. Coahuila, 33

mi. SE Saltillo, nr. Jame, 25 July 1963, H.

& A. Howden (CNC). U.S.A.: ARIZONA:
I 9. Cochise Co., Huachuca Mts., Sunny-

side, 3 1 August 1981, 6234 ft., D. C. Darling

(DCD). CALIFORNIA: 1 9, Los Angeles

Co., Claremont, Baker (USNM); Tulare Co.,

Ash Mountain Power Station #3, 3 June and
II August 1984, R. D. Haines (2 9, 1 3),

same but 1 and 8 October 1982, R. D.

Haines, J. A. Halstead (1 9, 1 6) (all Halstead

Collection). FLORIDA: Alachua Co.,

Gainesville, 1 <5, 28 December 1972-4 Jan-

uary 1973, H. V. Weems, Jr., insect flight

trap, 1 9, 24 March, W. H. Pierce, Malaise

trap (FSCA), 2 9, 2 <3, 17-30 April 1987, D.

Wahl, Malaise trap (CNC), 2 9, 4-18 June

1 987, D. Wahl (CNC); Dade Co., 1 9, Fuch's

Hammock, near Homestead, T. S. Dickel

and H. V. Weems, Jr., flight trap (FSCA),

1 9, S. Miami, 21 February-1 June 1986, S.

& J. Peck, flight intercept trap (CNC).

MARYLAND: 1 9, Montgomery Co., Be-

thesda, ex Call[irhytis] crypta (Ashmead)
(Cynipidae) (USNM). NEW MEXICO: 1 9,

Lincoln Co., 4 km W Alto, 25 July 1982,

G. Gibson (CNC). NORTH CAROLINA:
1 9, Northampton Co., 7 km S. Jackson, 10

July/23 September 1987, BRC Hym. Team,
flight intercept trap, bald cypress swamp
(CNC). TEXAS: 1 9, Brazos Co., College

Station, 25 March 1967, J. C. Schaffher

(TAMU); 4 9, 2 (5, Cameron Co., 1 mi. S.

Southpoint Ranch, 5-6 July 1982, G. Gib-
son (CNC); 1 9, Montgomery Co., 8 mi. S.

Conroe, 6-12 April, 1987, Wharton, Wang,
Praetorius (TAMU); 1 9, Somervell Co., 10

mi. W. Glen Rose, 2 May 1975, J. C. Schaff"-

ner (TAMU).
Distribution.— This species, although un-

commonly collected, appears to be wide-

spread across the entire southern half of the

United States and extends into northern

Mexico (Saltillo).

Host.—The record cited above for Cy-

nipidae is possible, though suspect. Several

other species of Amotura have been asso-

ciated with oak, but without specific host

association. Amotura hyalinipennis was
reared from stems ofoak and A. caelata was

taken feeding at honeydew of oak galls. The
true host is most likely a beetle ofsome sort,

but this remains to be demonstrated.

Discussion.—yimo/wra maculipennis is

distinctive among New World Chalcedec-

tini based upon the highly polished axillae

and axillulae, the relatively short postmar-

ginal vein (compared to marginal), the flat-

tened and angled frons, the bulging scutel-

lum, the patch of silver setae on the posterior

of the scutum, and the basally bare fore-

wing. No other known species has any of

these characters, and the species is so dis-

tinctive that it does not appear to be related

to any other New World taxon.

Amotura caelata Grissell,

New Species

(Figs. 6, 10, 15, 19, 23)

In the following description, numbering

of metasomal terga is based upon the true

tergal position, not the apparent number.

Thus, visible tergum 3 is actual metasomal

tergum 7 (Fig. 10). Mt3-5 are weakly scler-

otized and are covered by Mt2.

Holotype female.— Body length 6.6 mm.
COLOR: Entirely black with faint purplish

blue reflections on face and mesosomal dor-

sum; brown are: flagellomeres 1-4, wing
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veins, tarsomeres 3-5; whitish are: tarso-

meres 1-2, basodorsal spot on hindfemur

(Fig. 6). SCULPTURE: Coarsely reticulate

(reticulate-rugose) on head from dorsum of

scrobes to venter of head, largest pits ca.

0.5 X diameter of midocellus, on frons re-

ticulation much finer and granular in na-

ture, scrobes transversely reticulate; meso-

soma evenly reticulate dorsally; Mt2 (Fig.

10) longitudinally strigate, transversely stri-

gate are anterior % ofMt6 and Mt7; median

propodeum heavily rugose vertically, sub-

median panels of propodeum heavily ru-

gose transversely; alutaceous to weakly re-

ticulate are legs (especially hindfemur);

smooth are subalar area, upper % of me-
sopleuron, nucha. SETATION: Entire body

covered with short silvery pubescence ex-

cept asetose are: scrobes, mesopleuron, me-
dian and submedian areas of propodeum
(laterally densely covered with semierect se-

tae below spiracle), dorsum of metasoma;

pubescence on hindfemoral teeth (both in-

ner and outer row) noticeably longer than

elsewhere on femur (Fig. 6). STRUCTURE:
Head in facial view with scrobes extending

to within 1.5 diameters of midocellus,

scrobes well defined laterally fading dorsally

into frons, interantennal area without me-
dian carina, laterally well defined, malar

distance 1.0 x intermalar distance and 0.6 x

eye height, clypeus straight, in dorsal view

ratio of OOL:POL:MOL as 4:15:13, front-

overtex 0.36 x head breadth, scape cylin-

drical in basal V3, gradually flattening ven-

trally in apical 'A and with lateral carina on

mesal margins, scape 4.5 x as long as widest

point in lateral view, ratio scape : pedicel

:

Fl-9: apical spicula as 46:17:7:10:9:8:6:5:

4:3:3:3, pedicel 4.3 x as long as wide. Pro-

notum nearly vertical in lateral view, with-

out anterior carina, scutellum dorsally flat,

apically with angled edge that sets off'inward

sloping face as wide as dorsellum (Fig. 1 5),

hindcoxa without dorsal carina, hindfemur

ventrally on outer edge with 9 or 10 prom-
inent teeth and several minute sawlike teeth

(Fig. 6); forewing evenly setose except oval

bare area distal to basal cell and area behind

cubital vein bare for '/s length ofhindmargin

ofwing from base to apex, ratio SM:M:PM:S
as 100:23:61:10 (Fig. 19). Metasoma (Fig.

10), in dorsal view, widest in basal V3, only

4 terga visible (Mt2, 6, 7, 8 + 9) with ratio

of 8:12:7:5, Mt2 deeply emarginate, re-

mainder straight on hind margin.

Male.— Body length 2.9-4.3 mm. As for

female except metasoma which differs as

follows: Mt2 and Mt7 occupy almost entire

length of metasoma (Mt3-6 hidden under

Mt2, rarely one may be visible as narrow

band), each comprising about half meta-

somal length, Mt2 without median emar-

gination, at least basal half lightly sculp-

tured but sculpture may reach apex, Mt7
strongly transversely strigate (as in female).

Type material. — Holotype 9, USNM;
U.S.A., California, "Pinon Flat, Santa Rosa

M," 21-V-41, D. J. and K. N. KnuU Collrs.

Paratypes, 16 5, 33 5 as follows: U.S.A.:

ARIZONA: Graham Co., 1 9, 0.9 mi. along

rd. to Marijilda Canyon from hwy. 666, H.

B. Leach (CAS); Pima Co., 1 3, Horida

Wash, 1 August 1979, C. L. Bellamy (Hes-

penheide Collection); Santa Cruz Co., 1 9,

2 mi. N. Nogales, 2 September 1981, 3865

ft., on Helianthus, D. C. Darling (Cornell

University Collection). CALIFORNIA: Tu-

lare Co., 3 9, 2 (5, Ash Mountain, Kaweah
Power Station (No. 3), May, Aug., Sept.,

and Oct. 1982-83, J. A. Halstead, R. D.

Haines, D. J. Burdick (Halstead Collection);

Monterey Co., 1 9, Carmel Valley road (1

mi. NW Arroyo Seco road), 1 1 May 1967,

H. J. Leach, ex dead Quercus containing

Psoa quadrisignatus (Horn) (Bostrichidae);

Riverside Co., 1 9, 4 3, San Timoteo Can-

yon, 13-14 Sept. 1972, M. Wasbauer, A.

Hardy, at honeydew of Disholcaspis eldor-

adensis (Beutenmeuller) (Cynipidae) galls

on Quercus lobata Nee (CDFA); Imperial

Co., 1 9, Westmoreland, 31 May 1930, P.

H. Timberlake, on Phacelia (UCR); 1 9, 1.5

mi. W. Winterhaven, 18 June 1978, C. Bel-

lamy (Hespenheide Collection). FLORIDA:
Alachua Co., 2 3, 2 mi. N. Gainesville, 27
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August and 25 September 1974, H. Davis

and W. letter, ramp trap; Highlands Co., 1

$, 4 S, Archbold Biological Station, 19-22

March 1987, D. Wahl (American Ento-

mological Institute, CNC); Marion Co., 1 2,

4 6,9 mi. SSW. Ocala, Kingsland Country

Estates, 19 September to 19 October 1975,

J. Wiley, Malaise trap in turkey oak (FSCA);

Monroe Co., 1 3, Big Pine Key, 10 April

1970, W. W. Wirth, Malaise trap (USNM),
also 1 9, 1-31 October 1985 and 2 S, 1-31

February 1986, S. & J. Peck, mangrove

hardwood transition (CNC); Osceola Co., 1

9, Ocala, 24 Oct. 1914 (USNM). NEW
MEXICO: Dona Ana Co., 1 9, 5 mi E. Las

Cruces, 12 April 1965, R. M. Bohart (UCD);

Hidalgo Co., 1 S, 4 mi. S. Rodeo, 28 June

1969, V. D. Roth (Hespenheide Collection)

and 1 9, Rodeo, 28 August 1959, 4000 ft.,

H. E. Evans (DCD); 4 S, 9.3 mi. W. Animas,

26-30 July 1982, G. A. P. Gibson, sweeping

Chilopsis linearis (Cavanilles) Sweet (CNC).

TEXAS: Cameron Co., 2 3, 2.3 mi. S. South-

most, 8 Dec. 1978, E. E. Grissell, A. S.

Menke, ex stem Desmanthus illinoensis

(USNM); Uvalde Co., 1 9, 3 mi. NW Uval-

de, 4 May 1977, T. Eichlin, W. Wasbauer,

Malaise trap (CDFA). MEXICO: Baja: 1 <5,

4.6 mi. E. Valle de Trinidad, 26 May 1979,

C. L. Bellamy (Hespenheide Collection); 1

$, 25 mi. W. La Paz, 30 August 1959, K.

W. Radford, F. G. Werner (CAS). OAXA-
CA: 1 <5, Puerto Escondido, 15 July 1985,

J. Woolley, G. Zolnerowich (TAMU); SAN
LUIS POTOSI: 2 <S, 7 mi. S. Ciudad Valles,

20 December 1970, P. H. and M. Amaud
(CAS); SONORA: 1 9, 1 3, 10 mi. SE. Al-

amos, 29 June 1963, F. D. Parker, L. A.

Stange (UCD).

Other material examined (too poor to

designate as type material).—ARIZONA: 1

9, Portal, 1 8 June 1 956, R. and K. Dreisbach

(USNM). CALIFORNIA: 1 <5, Los Gatos,

28 October 1918, H. E. Burke, ex pupal cell

Chrysobothrus mali Horn (Coleoptera: Bu-

prestidae) (USNM).
Etymology. — From the Latin caelo,

meaning engraved, in reference to the sculp-

turing of the metasoma.

WosXs.—Amotura caelata has been reared

from a pupal cell of the buprestid Chryso-

bothrus mali, from dead Quercus containing

Psoa quadrisignatus, and from dead stems

of Desmanthus illinoensis. It would appear

to be a parasite of wood boring beetles.

Variation.— Females of caelata vary in

length from 4.5 to 6.6 mm. The coloration

appears stable throughout the entire geo-

graphic range, except that Florida speci-

mens are weakly purplish overall rather than

black. In females the yellow spot on the apex

ofthe hindtibia varies from % to '/, the tibial

length. In males the color is less obvious ('/j

to % tibial length) and, in a few cases nearly

disappears. Rarely, in some females, one of

the hidden metasomal terga (Mt3-5) is vis-

ible in the emargination of Mt2.

Discussion.— It is of interest that both A.

caelata and A. hyalinipennis have been

reared from the same plant stems and lo-

cality {Desmanthus illinoensis in South-

most, Texas) at the same time. These two

species and A. maculipennis have also been

collected at the same locality in California

(Tulare County, Ash Mountain Power Sta-

tion), but not at the same time: A. caelata

was collected in May, September, and Oc-

tober; A. hyalinipennis in August; and A.

maculipennis in October.

Darling (1988: 2814, 2819-2820, 2832)

discussed the phylogenetic implications of

the labrum of this species which he referred

to as "'Chalcedectes [sic] sp." He illustrated

the free labrum (his Fig. 20) which he con-

sidered the plesiomorphic state among
Chalcidoidea. I have seen the specimen (in

DCD collection) upon which his discussions

were based and can confirm that it is Amo-
tura caelata.

Among Nearctic species, A. caelata su-

perficially resembles A. hyalinipennis. It is,

however, distinct in the structure ofthe me-

tasoma (Fig. 10, especially the emargination

of tergum 1 and the strigate sculpture), the

apex of the scutellum (Fig. 15, brim-like.
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angled apex), and the hindfemora (Fig. "6,

enlarged, separated teeth). These characters

are unique among Nearctic species, but the

character states of the tergal emargination,

scutellum, and hindfemur can be found in

Neotropical species in different combina-

tions. Because the tropics seem to be the

center of diversity for Chalcedectini, a thor-

ough analysis of characters and states must

await a study of Neotropical species.

Checklist of New World Chalcedectini

I have seen the types of all specimens

except guaraniticus Strand (discussed by

Boucek 1959), septemdentatus pallidipes

Roman, and annulicornis Cameron. The

type locality follows depository.

Amotura

annulicornis Cameron.—v4m<9?wra annuli-

cornis Cameron, 1 884: 131. BMNH: Nic-

aragua.

annulipes (Ashmead) n. comb.— Chalce-

dectes annulipes Ashmead 1904: 483.

USNM: Brazil, Matto Grosso.

busckii (Ashmead) n. corrvh.—Euchrysia

busckii Ashmead, 1900: 256. USNM:
Puerto Rico.

caelata Grissell.— See text.

guaraniticus (Strand) n. comb.—Polychro-

matium 16-dentatum var. guaraniticum

Strand, 1911: 95. BerHn Zoological Mu-
seum: Paraguay.

histrionicus (Westwood) n. comb.— Po/y-

chroma histrionicaVsfQsXv/ood, 1874: 141.

HUM: Brazil, Para.

hyalinipennis (Ashmead).— See text.

lanei (DeSantis) n. comb.— Chalcedectus

lanei DeSantis, 1970: 22-23. MLP: Bra-

zil, Serra do Navio.

maculipennis (Ashmead).— See text.

regalis (Westwood) n. comb.— Polychroma
regalisWestwood, 1874: 141. HUM: Bra-

zil, Amazonas.

sedecimdentatus (Westwood) n. comb.—
Polychroma 16-dentata Westwood, 1 874:

141. HUM: Brazil, Para.

septemdentatus (Westwood) n. comb.—

Polychroma 7-dentata Westwood, 1874:

142. HUM: Brazil, Amazonas.

V-dentatus pallidipes Roman. Chal-

cedectus 7-dentatus var. pallidipes Ro-

man, 1920: 12. Type depository ?: Bra-

zil, Amazonas. (Syn. questionable, see

Boucek 1959.)

Chalcedectus Walker

maculicornis Walker.- Chalcedectus mac-

ulicornis Walker, 1852: 47. BMNH: Bra-

zil, Para.

Dryadochalcis DeSantis

texana (Brues).- Chalcedectes texanus

Brues, 1907: 106-107. USNM: U.S.A.,

Texas.

superba DeSanXis.—Dryadochalcis superba

DeSantis, 1977: 26. MBR: Paraguay,

Santa Trinidad.
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SYSTEMATICS, MORPHOLOGY, BIOLOGY, AND HOST
SPECIFICITY OF NEUROSTROTA GUNNIELLA (BUSCK)

(LEPIDOPTERA: GRACILLARIIDAE), AN AGENT FOR THE
BIOLOGICAL CONTROL OF MIMOSA PIGRA L.

Donald R. Davis, Richard C. Kassulke,

Ken L. S. Harley, and John D. Gillett

(DRD) Department of Entomology, National Museum of Natural History, Smithsonian

Institution, Washington, D.C. 20560; (RCK & KLSH) CSIRO Division of Entomology,

Long Pocket Laboratories, Private Bag No. 3, Indooroopilly, Australia 4068; (JDG) De-

partment of Primary Industries and Energy, PC Box 858, Canberra, Australia 2601.

Abstract. —The systematics and morphology of the gracillariid moth, Neurostrota gun-

niella (Busck, 1 906), from Mexico are reviewed. The biology and host specificity of this

moth were studied in quarantine facilities in Brisbane, Australia. Eggs were usually laid

singly on the ventral surface of mature leaves of Mimosa pigra L. The first two larval

instars were sap-feeding miners in the leaf pinnules. Instars three to eight were tissue-

feeding stem borers. Pupation occurred outside the stem within a silken cocoon festooned

with frothy globules excreted by the larva.

One hundred species of plants, either closely related to M. pigra or of economic or

environmental importance, were tested in host specificity studies as part of an assessment

of the suitability of A^. gunniella as a biological control agent for M. pigra. The only plants

which supported development of N. gunniella were the two introduced weeds, M. pigra

and M. pudica, and four Australian Neptunia species. Larval mortality was high on the

Neptunia species. These studies showed that A^. gunniella would not cause damage to any

plant other than the target weed, M. pigra in Australia. A^. gunniella was first released

near Darwin, Australia in February, 1989.

Key Words: Lepidoptera biology, Gracillariidae, Neurostrota, Mimosa pigra, biological

control, host specificity

Mimosa, Mimosa pigra L. (Legumino- laide River, with major infestations on the

sae), is native to tropical America (Burkart Finniss, Mary, and East Alligator Rivers

1948) where it usually occurs as small (Pitt and Miller 1989, Miller 1982). M. ;?/-

clumps ofmulti-stemmed plants growing in gra is a designated Class "A" noxious weed
seasonally flooded habitats (Fig. 1). It prob- in the Northern Territory (Noxious Weeds
ably entered the Northern Territory of Ordinance 1962), is a serious weed in Thai-

Australia during the 20 years prior to 1891 land (Napompeth 1982) and is spreading in

(Miller& Lonsdale 1987), underwent a pop- Burma, Laos, Kampuchea, Vietnam, In-

ulation explosion in the late 1 970's and now donesia and Malaysia (Napompeth, B., pers.

infests 45,000 ha ofwetlands (Lonsdale and comm.). In the Northern Territory it pre-

Segura 1987). Dense to scattered thickets of vents access for irrigation and stock water-

M. pigra cover the floodplains of the Ade- ing, makes livestock mustering difficult and
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interferes with the use of watercourses for

recreation (Miller et al. 1981). On flood

plains it out-competes other plants and se-

riously reduces dry season grazing for cattle

and buffaloes. There and in Southeast Asia

it occurs as huge, impenetrable, near mono-
specific thickets.

Two other Mimosa species, M. invisa

Mart, and M. pudica L. have been intro-

duced into and become weeds in Australia

(Kleinschmidt and Johnson 1977). M. in-

visa is confined to Queensland and M. pu-

dica is widespread throughout Queensland,

northern New South Wales and the North-

em Territory.

A program for biological control of M.
pigra in Australia was initiated by CSIRO
and the Northern Territory Department of

Primary Industry and Fisheries in 1979 and

extended to Thailand through a program of

the Australian Centre for International Ag-

ricultural Research (ACIAR) in 1983. In in-

vestigations in Mexico, adults of a gracil-

lariid moth Neurostrota gunniella (Busck)

frequently emerged from tips of M. pigra

and occasionally from tips of another le-

gume native to Mexico, Neptunia plena (L.)

Benth. Following preliminary tests in Mex-
ico for specificity to M. pigra, N. gunniella

was imported into Australia for detailed

evaluation in quarantine.

This paper gives details of studies on the

systematics and morphology of A^. gunniella

conducted at the Smithsonian Institution as

well as studies of its biology and host spec-

ificity carried out by the Division of Ento-

mology, CSIRO, Australia.

Systematics and Morphology

Neurostrota gunniella (Busck)

Gracilaria [sic] (Dialectica) gunniella Busck,

1906: 731.

Acrocercops gunniella (Busck) Meyrick,

1912a: 16, 1912b: 44. Barnes and
McDunnough, 1917: 188.

Neurostrota gunniella (Busck) Ely, 1918:38,

41, 68. McDunnough, 1939: 97. Vari,

1961: 41. Davis, 1983: 9; 1984: 26.

Neurostrata [sic] gunniella (Busck) Ely,

1918:41. Busck, 1934: 179.

Adult (Fig. 2).— Forewing length: 3, 3.3-

4.4 mm; 9, 3.2-4.6 mm. Small moth with

dark coppery brown forewing possessing a

single, oblique, cream white stria at distal

third of costa and hind margin bordered

with cream. Male valva rhombiform, sim-

ple; seventh abdominal segment with a sin-

gle pair of elongate hair pencils and a more
basal tuft of short, spatulate sex scales. Fe-

male bursa with a pair of diamond shaped

signa.

Head (Fig. 3): Vestiture smooth, scales

curving down over frons; vertex cream to

pale buff"at middle, becoming darker brown

laterally; a patch of brownish fuscous scales

at anterior rim of eye below antenna; lower

frons mostly silvery white. Antenna ca. 1 .2 x

length offorewing, covered with dark brown

scales dorsally and dull white ventrally.

Ocellus absent. Interocular index ca. 1.1.

Mandible absent. Maxillary palpus mod-
erately long, four segmented, silvery white

dorsally, grayish brown ventrally. Haustel-

lum elongate, over 2 x length of labial pal-

pus, coiled in repose. Labial palpus slender,

elongate, over 2 x vertical diameter of eye,

curved dorsally; vestiture silvery white dor-

sally, grayish brown ventrally and laterally.

Thorax: Pronotum dark coppery brown

with a broad cream to pale buff" median

stripe; venter dark brown laterally, silvery

white over coxa. Wing venation as shown

in Fig. 4. Female frenulum consisting oftwo

bristles (Figs. 9-11), male ofone bristle, with

basal fusion of ca. 5-6 setae (Figs. 12-14).

Both sexes with a secondary pseudofrenu-

lum arising near termination of Sc and con-

sisting of usually 3-4 piliform scales tightly

overlapping (Figs. 9, 15-18). Pseudofrenu-

lum coupling with a row of stiff', specialized

scales located along the ventral hind margin

in the anal area of the forewing (Figs. 19,

20). Forewing mostly dark coppery brown
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^^.

Figs. 1,2. 1, A dense concentration of Mimosa pigra near Acapulco, Mexico. 2, Neurostrota gunniella. adult

s. forewing length 4.2 mm.
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Figs. 3-8. Neuwstrota gunniella. 3, Head, frontal view (0.25 mm). 4, Wing venation, pf = pseudofrenulum.

5, Male genitalia, ventral view (0.25 mm). 6, Aedoeagus. 7, Female genitalia, lateral view (0.5 mm). 8, Ventral

view. (Scale lengths in parentheses.)
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with a single, cream-white stria extending

obHquely from distal third of costa about

half the distance to tornus; a single, narrow,

silver fascia transversing subapex; fringe

with a pair of dark brown striae curving

around apex; hind margin bordered with

cream to tornus; fringe along hind margin

uniformly dark gray. Hindwing uniformly

dark gray. Legs dark brownish fuscous with

apex of tibia and most of tarsal segments

banded with cream; tarsi of hindleg mostly

dull white to pale buff.

Abdomen: Dark brownish fuscous dor-

sally, mostly cream to white ventrally, with

5 slender, dark fuscous, oblique bands lat-

erally across segments A2-6. Male with a

single pair of elongate hair pencils and a

more basal tuft of short, spatulate sex scales

lateral on A7, A7 greatly reduced. Tergite 8

enlarged, well defined, hoodlike, extending

caudad of lateral sex scaling on A7.

Male genitalia (Figs. 5, 6): Uncus absent.

Vinculum, triangular with broad, lateral

projections dorsad to base of valva. Valva

rhombiform, with outer margin relatively

straight and oblique. Aedoeagus relatively

simple, lightly sclerotized, equalling length

of valva; comuti absent; phallobase 1.5 x

length of aedoeagus.

Female genitalia {Figs. 7, 8): Anterior and

posterior apophyses equally developed,

short. Ductus bursae shorter than length of

corpus bursae; seminal duct arising midway
along ductus. Corpus bursae well devel-

oped, ovoid, with a pair of roughly dia-

mond-shaped signa.

Egg (Figs. 27-31).— Elongate-ovoid, with

a minutely dimpled chorion; average length

0.357 mm, width 0.164 mm (n = 20). Mi-

cropyle with 3-6 oval rings clustered around

a minute central depression.

Larva (Figs. 32-60, 63-70). -Hyper-
metamorphic; first two instars with highly

modified, depressed body for sap-feeding in

leaf pinnules; maximum length, 1.2 mm.
Remaining six instars of typical caterpillar

form with cylindrical body, boring in stems

of host. Length of largest larva 8.0 mm;

maximum body width 1 mm; maximum
head width 0.54 mm; body color instars 1-

7 cream, instar 8 dark blue-green, later re-

verting to cream.

Sap-feeding Instars

Head: Greatly depressed, triangular (Figs,

32, 39). Most setae lost or reduced; dorsal

cranium with only two small pairs of setae

preserved, P2 near basal lateral margin and

LI above median (third) stemma. Labrum
(Fig. 33) reduced, 0.64 the width of labial

lobe, deeply clefted about 0.25 its length;

only one pair of setae preserved; venter of

labrum with dense concentration of short

epipharyngeal spines (Fig. 37). Mandibles

large, greatly flattened, with three primary

cusps dorsally; innermost cusp broad with

serrated margin; outermost cusp with a dor-

sal groove and a fourth, shorter cusp arising

ventrad. Labial lobe (Figs. 34, 35) with an-

terior margin slightly depressed at middle;

anterior margin and dorsal surface densely

covered with short hypophyrangeal spines

(Fig. 38) similar to epipharynx; spinneret

vestigial, reduced to a minute, flushed open-

ing ca. 0.86 Mm in diameter. Ventral cra-

nium with only a single pair of substem-

matal setae (SS3?). Maxillary and labial palpi

absent. Antenna reduced, with three rela-

tively stout sensilla basiconica and three

shorter, more slender sensilla (Fig. 36). Five

pairs of stemmata present in an irregular

lateral row; an anterior row of three contig-

uous stemmata followed by two more wide-

ly spaced stemmata posteriorly.

Body: Setae extremely reduced. Legs, pro-

legs, and crochets absent.

Tissue-feeding Instars

Head: Approximately round (Figs. 40, 5 1)

with full complement of mouthparts, dark

reddish brown. Frons (Fig. 64) moderately

long, about 0.66 the distance to epicranial

notch. Ecdysial line terminating at epicra-

nial notch. Chaetotaxy relatively complete;

all three MD setae present; AF2 absent; P2

reduced; LI arising immediately caudad and
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Figs. 9-14. Neurostrota gunniella, wing structure. 9, Hindwing, female, showing basal frenulum and more

distal pseudofrenulum (270 nm). 10, Base of female frenulum (23.1 ^m). 1 1, Surface detail of female frenulum

(1.5 Mm)- 12, Base of male frenulum (10 Mm). 13, Surface of male frenulum (3 Mm). 14, Detail of Fig. 13 (1.5

Mm). (Scale lengths in parentheses; bar scale for all photographs = Fig. 9.)
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A'^O^. -W'/*

(P/\VMir

Figs. 15-20. Neurostrota gimniella. wing structure. 15, Male pseudofrenulum (120 mhi). 16, Base of pseu-
dofrenulum (17.6 ^lm). 17, Overlapping scales of pseudofrenulum (6 ^m). 18, Surface detail of pseudofrenulum
showmg overlapping scutes (1.5 ^m). 19, Subanal retinaculum (SR) of ventral forewing (100 tim). 20, Detail of
scale (a) of Fig. 19 (2 ^m). (Scale lengths in parentheses; bar scale for all photographs = Fig. 15.)
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Figs. 21-26. Neurostrota gunniella, life history. 21, Leaf mines of sap-feeding larva on Mimosa pigra. 22,

Frass ejected from stem burrow. 23, Larva inside tunnel within stem of M. pigra. 24, Moth larva killed by
parasitic tachinid larva, Elfia n. sp. 25, Pupa inside cocoon spun on leaflets of M. pigra. 26, Cocoon spun on

stem of M. pigra, Note frothy bubbles excreted by larva.
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Figs. 27-32. Neurostrota gunniclla. 27, Egg (120 ^m). 28, Surface of egg chorion (23.1 ^lm). 29, Micropyle

end (67 ^m). 30, Detail of micropyle (15 ^ni). 31, Detail of micropyle (17.6 ^m). 32, Sap-feeding larva, dorsal

view of head (60 ^m). (Scale lengths in parentheses; bar scale for all photographs = Fig. 27.)
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Figs. 33-38. Neurostrota gunniella, sap-feeding larva. 33, Labrum and mandibles, dorsal view (21.4 ^m).

34, Ventral view of head (50 nm). 35, Labium and antennae, ventral view (30 nm). 36, Antenna, ventral view

(7.5 ^m)- 37, Anterior view of mouthparts (27 ^m). 38, Labium hypopharynx, ventral view; note aperture of

vestigial spinneret (4.3 nm). (Scale lengths in parentheses; bar scale for all photographs = Fig. 33.)
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Figs. 39^4. Neurostrota gunniella. larva. 39, Sap-feeding larva, lateral view (60 mhi). 40, Tissue-feeding

(boring) larva, anterior view of head (176 Mm). 41, Detail of Fig. 40 (100 nm). 42, Detail of mouthparts (60

Mm). 43, Labial palpi and spinneret (38 Mm). 44, Maxilla (25 Mm). (Scale lengths in parentheses; bar scale for

all photographs = Fig. 39.)
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Figs. 45-50. Neurostrota gunmella, tissue-feeding larva. 45, Labrum, ventral view (43 nm). 46, Detail of

Fig. 45; EP = epipharyngeal sclerite (17.6 Mm). 47, Lateral view of ventral side of labrum (8.6 mhi). 48, Head,

ventral view (176 nm). 49, Detail of mouthparts, ventral view (60 ^im). 50, Head, dorsal view (100 ^m). (Scale

lengths in parentheses; bar scale for all photographs = Fig. 45.)
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Figs. 51-56. Neurostrota giinniella, tissue-feeding larva. 51, Lateral view of head (176 ^im). 52, Detail of

stemmatal region (75 ^m). 53, Antenna (25 nm). 54, Distal view of antennal apex (13.6 nm). 55, Thorax, ventral

view of Tl and 2 (231 ^m)- 56, Pretarsus, lateral view of T2 (15 ^m). (Scale lengths in parentheses; bar scale

for all photographs = Fig. 5 1 .)
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Figs. 57-62. Neurostwta gunniella, sap-feeding larva and cocoon. 57, Abdominal proleg, A4 (60 ^m). 58,

Lateral view of A9-10 (200 ^m). 59, Ventral view of A9-10 (200 iim). 60, Anal proleg showing vestigial crochet

(38 jum). 61, Surface of cocoon ornamented with frothy globules secreted by larva (38 nm). 62, Detail of globule

(120 jum). (Scale lengths in parentheses; bar scale for all photographs = Fig. 57.)
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Figs. 63-70. Neurostrota gunniella, morphology of tissue-feeding larva. 63, Chaetotaxy of pro- and meso-
thorax, abdominal segments 1, 5, 7-9. 64, Head dorsal view (0.2 mm). 65, Head, ventral view. 66, Head, lateral

view. 67, Abdominal segments 8-10, dorsal (0.2 mm). 68, Mandible (0.1 mm). 69, Labrum, dorsal (0.1 mm).
70, Labrum ventral; ES = epipharyngeal sclerite. (Scale lengths in parentheses.)
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between first and second stemmata. Six

stemmata present, arranged in an oval (Figs.

52, 66). Antenna relatively short; sensilla as

in Figs. 53-54. Labrum (Figs. 69, 70) with

Ml absent; three pairs of epipharyngeal

spines present, the lateral spine the most

reduced; epipharyngeal sclerite (Figs. 45-

47) thin, ovoid with entire margin, and

raised slightly above epipharyngeal mem-
brane. Mandible (Fig. 68) with three large

medial cusps and three smaller, marginal

cusps. Maxilla as in Figs. 42, 44. Spinneret

(Figs. 43, 49) tubular, moderately elongate.

Labial palpus with a relatively long, basal

segment bearing one short sensillum and a

minute apical segment bearing a larger sen-

sillum.

Thorax: Pronotal plate variable, light to

dark brown. L group bisetose on T 1 , trise-

tose on T2-3 with L2 and 3 minute. SV
bisetose on T 1 , unisetose on T2-3. Legs (Fig.

55) well developed, with coxal plates well

separated; pretarsal claw (Fig. 56) with large,

triangular, axillary spine.

Abdomen: Dorsal and subdorsal plates of

A8-10 dark brown. Al-2, 8-9 with eight

pairs ofprimary setae; L2 absent. A3-5 with

10 pairs of primary setae; SV series trise-

tose. Crochets (Fig. 57) arranged in two scat-

tered groups on A3-5, an anterior row of

2-3 spines and a posterior concentration of

ca. 20 spines (Fig. 57); prolegs and crochets

absent on A6. SV series bisetose on A7; LI

together with SDl-2 on spiracular plate; L
series trisetose on A9; SDl with Dl-2 on

dorsal plate. Anal plate (A 10) with four pairs

of setae (Figs. 58, 67); anal prolegs (Figs. 59,

60) nearly devoid of crochets, each proleg

partially subdivided into two rounded tu-

bercules with 1-2 small spines on each tu-

bercule (Fig. 60).

Pupa (Figs. 71-82).— Length of largest

pupa 5.3 mm; maximum width 1.0 mm.
Vertex with a small, conical, multipointed

apical process (cocoon cutter). Two pairs of

small, nearly contiguous setae from lower

frons near dorsal margin of labrum. Anten-

na long and straight, extending almost a

fourth its length beyond abdomen. Wing
sheath extending to caudal margin of A5.

Hindleg slightly surpassing caudal apex of

abdomen. Chaetotaxy as in Fig. 72; all setae

extremely short. Dorsum ofA2-6 with dense

concentration of small, stout spines. Venter

of A9 with a transverse row of four small

stout spines; A 1 with a pair ofsimilar spines

dorsally and two spines laterally (Figs. 80-

82).

Cocoon (Figs. 25, 26, 61, 62).— Consist-

ing of a firm white sheet of silk over some
crevice in the stem or among the leaf pin-

nules, ornamented externally by 30-40
minute frothy balls approximately 0.3 mm
in diameter.

Type.— Lectotype, $ (present designation,

Davis) USNM.
Type locality.— Brownsville, Texas.

Material examined. -COSTA RICA:
Guanacaste: Tempisque: 1 <5, 1 8 Jan, slides

USNM 29938, 29939. CUBA: Santiago de

Cuba: Santiago de Vegas [Cuba]: 2 3, 1 9,

22-23 Oct, ex Mimosa asperata, slide

USNM 29936. MEXICO: Guerrero: Aca-

pulco: 4 3, 3 2, em. 1 0-25 Nov, DRD 554.1,

ex Mimosa pigra; 2 6, 5 9, em. 12 May-23
Jun, ex Mimosa pigra; 1 S, em. 6 Jun, ex

Mimosa sp.; ca. 1 5 larvae, 8 Feb. ex Mimosa
pigra; ca. 40 larvae, 28 Oct-1 Nov, ex Mi-

mosa pigra. Barra Vieja, Acapulco: 1 $, em.

1 9 Jul, ex Mimosa pigra. Puerto Marquez,

Acapulco: 6 3, 7 $, em. 21 Apr-30 Jun, ex

Mimosa pigra, slides USMN 28687, 28804;

2 (5, em. 25 Jun, ex Neptunia plena. Tabasco:

Villahermosa: 1 9, 1 8 Mar, ex Mimosa pi-

gra. Veracruz: Catemaco: 1 9, 16 Mar., ex

Mimosa pigra, slide USNM 29933. Vera-

cruz: 1 9, 14 Mar, ex Mimosa pigra. UNIT-
ED STATES: Texas: Cameron Co.:

Brownsville: 1 9 (lectotype), Jun, slide

USNM 29931; 11 9 (paralectotypes), Jun.

San Benito: 6 9, 24-3 1 Jul; 2 9, Aug; 2 9, 8-

15 Sep. Southmost: 1 3, 27 Oct. Fort Bend

Co: Brazos Bend State Park: 1 9, 3 Aug.

Harris Co: Houston: 1 3, 1 3 Jul, slide USNM
28440. All specimens in USNM.

Distribution.— Widespread in subtropi-
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Figs. 71,72. Neurostrota gunniella. pupa. 7 1 , Ven-

tral view (0.5 mm). 72, Lateral view. (Scale length in

parenthesis).

cal or tropical, moderately wet to semi- arid

habitats wherever the primary host, Mi-
mosa pigra occurs; from southern Texas to

Costa Rica and Cuba.

Hosts.— Leguminosae: Mimosa pigra L.

and Neptunia plena Benth.; for secondary

or potential hosts see Table 3.

Biology

Rearing methods.— Stems ofM. pigra in-

fested with larvae of A^. gunniella were col-

lected at Barra Vieja and Pie de la Cuesta

in the state ofGuerrero, Mexico and shipped

by air freight to Australia on 1 9th Septem-

ber 1986 and 5th December 1986, respec-

tively. On arrival larvae were removed from

these stems, transferred to potted plants of

M. pigra and held in the quarantine facility

at CSIRO, Long Pocket Laboratories, Bris-

bane. From this stock, a colony of A^. gun-

niella was established on potted plants of

M. pigra in a quarantine insectary air con-

ditioned to 26 ± 1°C for 14 hours/day and
21 ± 1°C for the remainder of the day. Rel-

ative humidity was maintained above 55%.

Overhead fluorescent lighting supplement-

ed oblique natural lighting.

Newly emerged adults were fed a solution

of ascorbic acid, (2 gms), honey (15 mis)

and water (180 ml). Five pairs of fed adults

were placed in a cage 45 x 45 x 90 cm
high, with 4-8 potted plants of M. pigra.

After the eggs laid on the plants had hatched,

the larvae were provided with fresh plants

of M. pigra as required, until development

was completed.

Biological studies.— Studies were carried

out in "Conviron" constant temperature

cabinets at 25 ± 0.5°C with a 14:10 pho-

toperiod. The number of eggs/female/day

(fecundity) was measured and preferred ovi-

position sites determined by counting the

number of eggs laid on different parts of the

plant. Egg incubation time and the size of

eggs were measured. The number and du-

ration of each larval instar was recorded by

examining larvae every day and measuring

the width of their head capsules. Duration

of pupal stage and adult longevity were also

measured.

Eggs were usually deposited singly on the

ventral side of mature leaves growing at ei-

ther the first or second node from the tip.

The most favoured site being on the sec-

ondary rachis adjacent to a leaf hair.

Eggs hatched after 4-5 days. First and sec-

ond instar larvae mined pinnules (Fig. 21),

with as many as 5 being mined by each

larva. Third instar larvae usually entered

the primary rachis where a pinna was at-

tached and tunnelled towards the stem where

they fed either in the petiole bulb or in the
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Figs. 73-78. Neurostwta gunniella, pupa. 73, Head, dorsal view (23 1 nm). 74, Head, ventral view (23 1 Mm).

75, Detail of frons (86 ^m). 76, Detail of frontal process (cocoon cutter) (30 nm). 11, Head, lateral view (176

jum). 78, Dorsal view of A2 (176 ^m). (Scale lengths in parentheses; bar scale for all photographs = Fig. 73.)
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Figs. 79-82. Neurostrota gunniella, pupa. 79, Dorsal spines ofA3 (27 jum). 80, Caudal view ofAlO (86 moi).

81, Lateral view of A9-10 (100 ^im). 82, Ventral view of A9-10 (86 ^m). (Scale lengths in parentheses; bar scale

for all photographs = Fig. 79.)

Stem (Fig. 23). Sometimes they exited and
re-entered the stem at another node or near

a prickle. Frass was often visible where the

larvae entered the stem (Fig. 22). There were

eight larval instars. The final instar con-

sisted of three distinct phases based on be-

havioral and/or color changes. The first

phase was the typical, tissue-feeding form;

in the second phase the larva usually exited

from the stem, spun a cocoon, and changed

from a dark, blue-green color back to the

cream color of the earliest instars. In the

final phase, herein referred to as the prepupa

(Fig. 83, Table 1), the larva was inactive for

ca. 24 hours and then pupated. Ifdisturbed.

the prepupa moved in a spiralling motion

similar to that of the pupa.

Most mature larvae exited from the stem

and pupated in a slender cocoon usually spun

between pinnules (Fig. 25), or in crevices

on or within the stem (Fig. 26). The outside

of the cocoon was ornamented with small,

pearly-white, frothy balls (Figs. 26, 61, 62)

discharged from the anus of mature larvae

and attached by projecting their posterior

through slits in the cocoon. These slits were

then covered with additional silk and the

larvae entered the prepupal stage. Adults

emerged 7 days after pupation. The dura-

tion of life-cycle stages of A^. gunniella and
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Fig. 83. Duration of life-cycle stages of Neurostrota gunniella and the proportional distribution of the stages

for each day. The histograms show the proportion of each stage and adult emergence present on each day.

the proportional distribution of stages for

each day of development is shown in Fig.

83.

Adults when resting had their antennae

lying back along the body and extending

beyond the wings; the body was usually held

so that the head was slightly depressed; the

fore- and mid-legs were held together to the

end of the tibia but then separated at an

angle ofca. 45°, and the hind legs were held

back along the body before being slightly

splayed. In addition to the typical frenular

differences, males could be distinguished

from females by differences in the appear-

ance of scales arising from the terminal seg-

ments ofthe abdomen. In females the scales

formed a cylinder that enveloped the ovi-

positor whereas in males the scales overlaid

the valvae. The ratio of reared males to fe-

males was 1:1. Adults fed on liquid nutrient

solution. The age-specific fecundity and sur-

vival of adult females is shown in Fig. 84.

The duration, number and development

time of the stages of iV. gunniella at 25 ±
0.5°C is summarized in Table 1 and Fig. 83.

Host specificity tests.— In Mexico, stems

of leguminous plants growing adjacent to

M. pigra were dissected and examined for

A^. gunniella. These plants included seven

Mimosa spp., two Acacia spp., Schrankia

distachya DC, Prosopis juliflora (Swartz)

DC, Parkinsonia aculeata L., Leucaena

leucocephala (Lam.) de Wit, and Neptunia

plena. N. gunniella was not encountered in

any of these plants except A^. plena. One
potted plant o{ Mimosa sp. (not M. pigra),

growing in the laboratory grounds was found

infested with larvae of A^. gunniella. Larvae

in A^. plena and Mimosa sp. completed de-

velopment.
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Fig. 84. Age-specific fecundity and survival oi Neurostrota gunniella females (n = 20).

In Australia, host specificity was deter-

mined by observing the oviposition ofaduh

females and feeding by first instar larvae.

These behavioral characteristics of N. gun-

niella were studied using 100 species of

plants representing 18 plant families and

included 69 species of Leguminosae (Table

2). These are the same species used in stud-

ies with other insects already released for

the biological control of M. pigra in Aus-

Table 1 . Duration of development (days) of Neu-

rostrota gunniella on Mimosa pigra at 25 ± 0.5°C

(n = 20).

Stage
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Table 2. Plants tested to determine host specificity of Neurostrota gunniella.

Family
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Table 2. Continued.

Genus/Species Common Name

Bauhinia galpini

B. variegata

Caesalpinia ferrea

Cajanus cajan

Calopogonium mucunoides

Cassia alata

C. artemisioides

C. fistula

C. mimosoides

Cathormion umbellatum

Centrosema pubescens

Delonix regia

Desmanthus virgatus

Desmodium tortuosum

Dichrostachys cinerea

D. spicata

Enterolobium contortisiliquum

Erythrophleum chlowstachys

Glycine max
Lablab purpureas

Leucaena diversifolia

L. lanceolata

L. leucocephala

L. rnacrophylla

L. pallida

L. shannonii

Lysiphyllum hookeri

Macroptilium atropurpureum

Medicago sativa

Mimosa invisa

M. pigra

M. pudica

Neptunia dimorphantha

N. gracilis

N. major

N. monosperma
Pararchidendron pruinosum

Peltophorum pterocarpum

Piliostigma malabaricum

Pisum sativum

Pongamia pinnata

Pueraria phaseoloides

Samanea saman
Sesbania formosa

Stylosanthes hamata cv. Verano

Tamarindus indica

Vicia faba

Vigna mungo
V. radiata

V. unguiculata

orchid tree

leopard tree

pigeon pea

calopo

ringworm cassia

cassia

golden shower

centre

poinciana

desmodium

Cooktown ironwood

soybean

lablab bean

leucaena

white bauhinia

siratro

lucerne

giant sensitive plant

mimosa, giant sensitive plant

common sensitive plant

native sensitive plant

pea

pongamia

puero

raintree

stylo

tamarind

broadbean

mung bean

mung bean

cowpea
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Table 3. Larval feeding, oviposition, and development of Neurostrota gunniella.
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Table 4. Development of Neurosirota gunniella on five test plants and number of adults emerged in Fl

generation from five gravid females in no choice tests.
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Table 5. Parasitoids associated with Neurostrota

gimniella in Mexico.

Diptera

Chloropidae

Fiebrigella sp.

Fiebrigella new sp. nr. catalpae (Malloch)

Tachinidae

Elfia new sp. undescribed

Hymenoptera

Perilampidae

Perilampus sp.

Braconidae

Apanteles sp.

Bracon sp.

Hypomicrogastar sp.

Orgilus sp., probably new sp.

Phanomehs sp.

Chalcididae

Brachymeha sp.

Eulophidae

Elasmus sp.

Horismenus sp.

were infested with the moth. Typically a 20

cm piece of stem would be infested by 5

larvae.

Parasitization of N. gunniella

In Mexico, field collected stems ofM. pi-

gra infested with larvae of A^. gunniella were

caged in the laboratory for emergence of

parasitoids (Table 5). Many more para-

sitoids than adult moths emerged, with Elfia

n. sp. (Tachinidae) being by far the most

numerous. Figure 24 shows A^. gunniella be-

ing attacked by a larva of Elfia n. sp. The
chloropid, Fiebrigella sp., emerged only in-

frequently and may not represent a parasitic

relationship. Sabrosky ( 1950) suggested that

the rather random appearance of this spe-

cies in such rearings may indicate they are

scavengers.

Discussion

Morphology and systematics.—The stem-

boring habit of the larva was first reported

by Busck (1934), based upon rearings in

Cuba by H. R. Otero. Busck also described

a second species of Neurostrota {pithecolo-

biella) from Cuba, a stem borer in the le-

guminous tree Pithecellobium saman (Jacq.)

Benth. However, on the basis of the male

genitalia, pithecolobiella does not appear

congeneric with the type of the genus, A^.

gunniella. A second, undescribed species of

Neurostrota has been collected at light near

Tamazunchale, Mexico by the senior author

(Davis). Another species, similar to the lat-

ter, is also known to bore in stems of Inga

vera Willd., (Leguminosae) in Puerto Rico,

thus bringing the number of known species

o{Neurostrota to three. Although no further

published reports have been found on stem-

boring Gracillariidae, other than the above

references by Busck and the gall-making or

shoot-mining habits of a few other Gracil-

lariidae, it appears from collecting records

that a true stem-boring habit has arisen per-

haps several times within tropical/subtrop-

ical Gracillariidae.

One unusual morphological feature pres-

ent in the adults of A^. gunniella, is the de-

velopment of a supplementary wing cou-

pling mechanism in both sexes. In addition

to the frenular bristles (single in the male

and double in the female), these moths pos-

sess a prominent pseudofrenulum arising

from the costal margin ofthe hindwing near

the termination of Sc. The pseudofrenulum

couples with a row of stiff, specialized scales

located along the ventral hind margin in the

anal area of the forewing. Because of its lo-

cation, it is proposed that this accessory ret-

inaculum be termed the subanal retinacu-

lum, in comparison to the subcostal and

subdorsal retinaculum described by Till-

yard (1918) and Braun (1924). The longi-

tudinal scale ridges of the subanal scales in

Neurostrota are strengthened by the fusion

of all scutes (Fig. 20), similar to the sub-

dorsal retinacular scales described for Opo-
stegidae (Davis, 1989).

In A^. gunniella, the pseudofrenulum is

composed of three to four, tightly ap-

pressed, piliform scales (Figs. 15, 16), usu-

ally accompanied by four or five much
shorter, broader costal scales which overlap
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more basally. Although often appearing to

be fused (as in the case of the male frenu-

lum), the piliform scales are separated

throughout their length and closely overlap

each other (Fig. 1 7). In contrast to the more
specialized, cylindrical bristles of the male

and female frenulum, the longitudinal ridg-

es of the pseudofrenulum are not entire but

instead are subdivided into overlapping

scutes (Fig. 18).

Busck (1934) and others have noted the

presence of similar pseudofrenula in a few

other gracillariid genera {Micrurapteryx,

Neurobathra, and Parectopa), and Kumata
(in litt.) has observed their presence in Can-

opomorpha, Cuphodes, Epicephala, Liocro-

byla, Stomphastis, and a few Acrocercops.

A similar pseudofrenulum has been illus-

trated in Heliozelidae (Common 1970, Fig.

36.15B). Less specialized, pseudofrenular

scales have also been noted in several genera

of Cosmopterigidae (Hodges 1978, Figs. 1-

3). Within this family and according to ge-

nus, a graduated series varying from a rel-

atively long row of costal scales to a more
concentrated group of a few piliform scales

can be present.

The ventral surface of the labrum in the

tissue-feeding instars of A'^. gunniella bears

the typical lepidopterous complement of

three pairs of spinose, epipharyngeal setae.

Also present is a pair of flat, oval, platelike

structures (Figs. 45-46) which may be ho-

mologus to the epipharyngeal sclerites de-

scribed recently by Leidy and Neunzig

( 1989). These sclerites are more distinct and

laterad in A^. gunniella than in the species

of Dioryctria figured by Leidy and Neunzig.

Like the associated setae, the epipharyngeal

sclerites may occur throughout most fami-

lies of Lepidoptera and have been observed

by the senior author in several genera of

Psychidae and Tineidae. In all species of

Tineinae studied thus far, the outer margins

of the epipharyngeal plates are serrated, lat-

eral, and typically project beyond the edge

of the labrum.

Host specificity.—A particularly large

number of plants were studied including

representatives of all taxa closely related to

M. pigra.

Although newly-emerged larvae fed

slightly on a number of plants, the larvae

died before completing the first instar. The
only established Australian plants which

supported development of A^. gunniella were

M. pigra, M. pudica and four species ofNep-

tunia, N. dimorphantha, N. gracilis, N. ma-
jor and A^. monosperma. Larval mortality

was lower and plant damage was much more
severe on M. pigra than on any of these

plants.

Any damage to the weed M. pudica would

be regarded as beneficial in Australia. In

Mexico, A^. gunniella was observed to attack

A^. plena occasionally, but only when this

plant was growing in a thicket of M. pigra

(records of CSIRO Exploratory Unit). Ex-

tensive testing of the four Neptunia species

endemic to Australia, N. dimorphantha, N.

gracilis, N. major and A^. monosperma,

showed that they may occasionally act as

hosts for A^. gunniella if it was to become
established in Australia for biological con-

trol of M. pigra. However as larval mortal-

ity was very high, A^. gunniella is unlikely

to have any significant affect on these Nep-

tunia species or to persist on them. Fur-

thermore, the range ofM. pigra in Australia

does not overlap to any significant extent,

that of these plants. A^. dimorphantha and

A^. monosperma are reported from open

grasslands in northern and eastern Australia

where M. pigra does not occur. A^. major

occurs along rivers in northern Australia

(Windier 1966) but is uncommon in areas

infested with M. pigra. N. gracilis is a rare

plant on floodplains in the Northern Ter-

ritory (C. G. Wilson, pers. comm.) and is

more common in open grasslands of

Queensland and northern New South Wales.

In Mexico the full impact of A^. gunniella

on the growth ofM. pigra plants was limited

by a suite of larval parasitoids. Away from

these natural enemies the potential of A^.

gunniella as a biological control agent is es-
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timated to be high. The first release of this

insect (100 adults and 1200 eggs) was made
at the lower Adelaide River flood plain, 69

km east southeast of Darwin, Northern Ter-

ritory, Australia on February 2, 1989. Sub-

sequently Napompeth (pers. comm.) re-

ported that in quarantine studies in

Thailand, A^. gunniella fed on Neptunia

oleraceae Lour., an important aquatic veg-

etable, and was not approved for release

against M pigra.
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ANTHRIBUS NEBULOSUS, A EURASIAN SCALE PREDATOR IN
THE EASTERN UNITED STATES (COLEOPTERA: ANTHRIBIDAE):
NOTES ON BIOLOGY, RECOGNITION, AND ESTABLISHMENT
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Abstract. —The Eurasian Anthribus nebulosus Forster is a scale predator that was intro-

duced from Europe and released in Virginia in the late 1970s for potential control of pest

species. New records of this natural enemy of soft scales are given for Connecticut,

Massachusetts, and New York, where it was collected on spruce {Picea spp.) infested with

the bud scale Physokermes hemicryphus (Dalman). It is suggested that this anthribid is

adventive in the northeastern states and that populations were established before its

intentional introduction into Virginia. The Old World distribution and habits are sum-

marized, and characters facilitating its recognition in the Nearctic fauna are provided.

Key Words: Insecta, biological control, Coccoidea, Physokermes, immigrant insects

During detection surveys for immigrant

arthropods conducted in the northeastern

United States, we discovered Anthribus

nebulosus Forster, a Eurasian scale preda-

tor. On 29 May 1989, numerous adults were

beaten from the lower branches of a Colo-

rado blue spruce {Picea pungens Engelm.)

growing adjacent to the Wesleyan Univer-

sity campus, Middletown, Connecticut. The
tree was infested with the introduced bud
scale Physokermes hemicryphus (Dalman).

Although long identified as the European P.

piceae Schrank, the Old World bud scale

introduced into North America has been

shown to be P. hemicryphus (Williams and
Kosztarab 1972, Gill 1988). Additional an-

thribids were found in mid-July from west-

em Connecticut and Massachusetts to east-

em New York.

We consider /I. nebulosus to be adventive

in the northeastem United States, even

though this predator had been intentionally

introduced from Europe into Virginia

(Kosztarab and Kozar 1983). Adults were

collected in Hungary in 1975 and 1977,

reared and evaluated for their biocontrol

potential against various scale insects, and

released on the Virginia Tech campus at

Blacksburg in fall 1978 and 1979. These

beetles were placed on Norway spmce {P.

abies (L.) Karst.) infested with P. hemicry-

phus. Monitoring of these trees indicated

estabUshment o^A. nebulosus by 1979, and

a scale predation rate of about 30% by Au-

gust 1981. Surveys in the surrounding area

revealed a small anthribid population on

Norway spruce about 1 km east of the re-

lease site during fall 1981 and spring 1982;

in fall 1982, a few adults were collected on

Norway spruce at Radford, about 13 km
southwest of Blacksburg. Field releases of

the predator (300 adults) at Virginia Beach

in fall 1981 apparently did not result in es-

tablishment (Kosztarab and Kozar 1983).

Here, we review the Old World distri-

bution of A. nebulosus, and provide new
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Fig. 1 . Known distribution ofAnthhbus nehulosus in eastern North America,

in 1989. , denotes known release sites in Virginia.

\, denotes collection localities

North American records. Scanning electron

photomicrographs are included for salient

morphological characters of A. nebulosus

and Trigonorhinus spp., indigenous an-

thribids that could be mistaken for A. ne-

bulosus. We also speculate on the origin of

northeastern populations of this Old World
beetle.

T>'\sXnb\x\.\Q)n.—Anthribus nebulosus has

been reported from the following Palearctic

countries: Bulgaria, Finland, France, Ger-

many, Hungary, Poland, and the USSR
(Ukraine to eastern Kazakhstan). It occurs

commonly in areas of deciduous forests,

spruce forests, orchards, and on ornamental

trees infested with prey scale insects. In the

United States it has been known only from

Virginia (Fig. 1), where adults originating
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Figs. 2-6. Rostra and tarsal segments of Anthribidae. 2, Dorsal aspect of rostrum of Ormiscus walshi

(LeConte). 3, Rostral apex of Trigonorhinus sticticus (Boheman); arrow denotes central prolongation. 4, Rostral

apex ofAnthribus nebulosus Forster. 5, Metatarsus of T. sticticus; arrow denotes separate lobes of third tarsomere.

6, Metatarsus of A. nebulosus; arrow denotes connate or fused lobes of third tarsomere.

from material collected in Europe were re-

leased to help control various species of soft

scales (Coccidae).

As a result of our recent collecting, the

following locality records are new for A.

nebulosus (Fig. 1): UNITED STATES:
CONNECTICUT: Middlesex Co., Middle-

town, Wesleyan Univ., 28-V-1989, 6-VI-

1989, 15-VII-1989, and l-X-89, ex Picea

pungens; Middletown, Indian Head Cem-

etery, 1 5-VII-1989, ex P. abies\ East Hamp-
ton, 15-VII-1989, ex P. abies\ Tolland Co.,

Hebron, 15-VII-1989, ex P. abies; Somers,

15-VII-1989, ex P. abies; Storrs, Univ.

Connecticut, 15-VII-1989, ex P. abies;

Windham Co., WilHmantic, 15-VII-1989,

ex P. abies.

MASSACHUSETTS: Berkshire Co., nr.

Stockbridge, 16-VII-1989, ex P. abies;

Hampden Co., East Longmeadow, 15-VII-
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1989, ex P. pungens; Hampshire Co., Am-
herst, Amherst College, 16-VII-1989, ex P.

abies\ Amherst, Univ. Massachusetts, 16-

VII- 1989, ex P. glauca; Northampton,
Smith College, 16-VII-1989, ex P. abies.

NEW YORK: Dutchess Co., Annandale-

on-Hudson, Bard College, 16-VII-1989, ex

P. abies; Fishkill, Fishkill Rural Cemetery,

16-VII-1989, ex P. abies; Red Hook, 16-

VII- 1989, ex P. abies; Orange Co., War-
wick, 22-VII-1989, ex P. abies; Ulster Co.,

Kingston, St. Mary's Cemetery, 22-VII-

1989, ex P. abies.

Voucher specimens (C.U. Lot #1 193) are

deposited in the collections of Cornell Uni-

versity (Ithaca, NY) and Pennsylvania De-

partment of Agriculture (Harrisburg, PA).

Recognition features.—Among the an-

thribid taxa that occur in the eastern United

States, the immigrant Anthribus nebulosus

would most likely be confused with species

of the genus Trigonorhinus. Several mor-
phological and biological features charac-

teristic for each genus were described by

Valentine (1960). Species of Trigonorhinus

can be readily recognized by the dorsal ros-

tral surface being progressively narrowed

from base to apex (Fig. 3), with the central

apical portion distinctly produced beyond
the comers and slightly emarginate (Fig. 3).

The lobes of the third tarsal segment are

separate, giving the appearance of a deeply

lobed third segment (Fig. 5). In contrast,

species oi Anthribus lack the apical prolon-

gation of the rostrum (Fig. 4), and the lobes

of the third tarsal segment are connate or

fused (Fig. 6).

Trigonorhinus species are strictly plant

feeders, as the majority of the Anthribidae,

whereas species of Anthribus (formerly

Brachytarsus Schoenherr) have larvae that

are predacious on eggs of certain lecaniine

scale insects (Valentine 1 960).

Anthribus nebulosus keys nearest to Tri-

gonorhinus in Valentine (1960) because of

the narrowed rostrum. Couplet 19 of that

work is modified as follows to accommo-
date this established immigrant.

1 9. Rostrum, excluding mandibles, quadrate, or

slightly widened from base to apex (Fig. 2)

20

Rostrum, excluding mandibles, narrowed

from base to apex (Figs. 3-4) 1 9a

19a. Rostral apex distinctly produced at middle,

with central prolongation slightly emargin-

ate (Fig. 3); lobes of third tarsomere separate

(Fig. 5) Trigonorhinus Wollaston

(2 1 North American species,

sensu YdXtnXme 1960)

Rostral apex truncate, lacking central pro-

longation (Fig. 4); lobes of third tarsomere

connate or fused (Fig. 6) .... Anthribus Forster

(1 North American species,

A. nebulosus Forster)

Biology and seasonal history.— Koszta-

rab and Kozar (1983) thoroughly summa-
rized the literature that documents Anthri-

bus nebulosus as an effective predator of at

least 1 5 species of scale insects in Europe

and Central Asia. Three of these scales are

also considered pest species in the eastern

United States, i.e. the European fruit leca-

nium, Parthenolecanium corni (Bouche); a

nut scale, Eulecanium tiliae (L.); and a

spruce bud scale, Physokermes hemicry-

phus. They noted the potential for A. ne-

bulosus to suppress populations ofother pest

scale insects in North America because it

feeds on closely related scales in Europe.

For additional references to aspects of bi-

ology and seasonal history of A. nebulosus

in Europe and in Virginia, the reader is re-

ferred to Kosztarab and Kozar (1983) and

Kosztarab and Rhoades (1983).

Discussion.— In New England, the Eur-

asian predator A. nebulosus is common on

Norway spruce; we also collected it on Col-

orado spruce and on white spruce (Picea

glauca (Moench.) Voss). Available evidence

suggests that populations ofA. nebulosus in

the northeastern states are adventive rather

than associated with releases made in Vir-

ginia. In many of the areas surveyed in

southern New England, 20 or more adults

could be quickly collected from a scale-in-

fested spruce. Beetles were more difficult to

obtain in eastern New York. The presence

oflarge numbers in parts ofConnecticut and
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Massachusetts seem to point to long-stand-

ing populations rather than recent popula-

tion outbreaks.

The principal prey ofthis adventive pred-

ator is the introduced Physokermes hemi-

cryphus, a soft scale first collected in North

America near Hartford, Connecticut, in

1906. Other early records of this scale are

from Massachusetts, New Hampshire, New
York, Pennsylvania, Ontario, and Wiscon-

sin (Fenton 1917). Thus a suitable food

source has existed in New England through-

out the twentieth century.

Although clearly speculative, we suggest

the anthribid could have been introduced

into the eastern states as early as the late

nineteenth or early twentieth century. Be-

fore passage of the Plant Quarantine Act of

1912, millions of seedlings and larger plants

entered the United States each year (e.g. Sy-

mons 1911), including insect-infested spruce

trees (Marlatt 1912).

The low dispersion rate reported for A.

nebulosus in Virginia (Kosztarab and Kozar

1983) is evidence that the widespread New
England populations are of long-standing

origin. Even if some of the adults released

in fall 1978 and 1979 had dispersed widely,

it seems unlikely that the beetle could have

become so abundant and widespread in New
England within ten years. A mass appear-

ance oi A. nebulosus in New England due

to passing weather conditions also cannot

be dismissed, but any origin ofnortheastern

populations based on long-range movement
from Virginia seems implausible.

Our surveys for the anthribid in New York
just west of the Hudson River, and in parts

of Maryland, New Jersey, Pennsylvania,

Virginia, and West Virginia, were negative.

These surveys were made on scale-infested

spruces during the period of known adult

activity, as reported by Kosztarab and Ko-
zar (1983). This suggests that A. nebulosus

may not be established in these areas, or at

least is not as widespread and abundant as

in southern New England.

Anthribus nebulosus apparently repre-

sents another example of a natural enemy
that was accidentally introduced and that

became established before it was considered

for intentional introduction and release by

biological control workers. Mason (1978)

provided examples of Old World ichneu-

monid parasitoids already established in

North America before their intentional in-

troduction for biocontrol of insect pests.

Some similar cases are found in Clausen's

(1978) world review of introduced natural

enemies. Goeden (1983) gave several ex-

amples ofthe fortuitous introductions of in-

sects later released for biocontrol of weeds.

Goeden (1983) and Schroeder and Goeden

(1986) advocated prerelease inventories of

weeds targeted for biocontrol to minimize

such "surprise" detections ofadventive spe-

cies. But A. nebulosus was not among the

known enemies of Virginia coccids (Wil-

liams and Kosztarab 1972:209-210), and

Kosztarab and Kozar (1983) thus had no

reason to suspect that the anthribid oc-

curred anywhere in North America before

it was collected in Hungary and released in

Virginia.
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A NEW SPECIES OF STENELMIS (COLEOPTERA: ELMIDAE)
FOUND WEST OF THE MISSISSIPPI RIVER

Kurt L. Schmude and Harley P. Brown
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(HPB) Department ofZoology, The University ofOklahoma, Norman, Oklahoma 73019.

Abstract. — \d\x\is of a new Nearctic riffle beetle, Stenelmis occidentalis, are described.

Its range is restricted to areas west of the Mississippi River where it is one of only a few

species in this genus to occur in Mexico, and the only Stenelmis known to occur in the

northwestern U.S., Montana, Oregon, and Utah. Diagnostically useful characters include

size, pronotal sculpturing, elytral color pattern, comparative lengths of the tarsomeres,

metatibial spinous ridge on males, and the distinctive male genitalia. Adults are most
similar to adults of Stenelmis decorata, and differences between the two, and adults of

other species, are discussed. Adults occur in several types of lotic situations and they are

found on a variety of substrates; they are also readily attracted to lights.

Key Words: Elmidae, Stenelmis occidentalis, new species, riffle beetle, western United

States, Mexico

Stenelmis Dufour is the most diverse and

widespread Nearctic genus ofElmidae (riffle

beetles), with 30 described species occurring

throughout most of North America north

ofMexico (Brown 1983, 1987, White 1982).

The senior author is revising the genus in

North America, and this paper is part of

that study. Adults of the following species

are being described at this time to make the

name available for a concurrent revisionary

study of the riffle beetles of mid-America
and the West Indies (Spangler and Santiago,

in prep).

This "new" species of Stenelmis actually

has been known for some time. Texas spec-

imens have been mentioned in the literature

as Stenelmis sp. (near decorata) as early as

1963 by Burke, and by Stewart et al. (1973)

and Poole and Stewart (1976) as Stenelmis

mexicana(us), one of Brown's manuscript

names. In studies on a Montana stream,

Gore (1975, 1977, 1978) referred to this

species as Stenelmis sp. a, and specimens

from Oregon have also been mentioned

(Brown 1972). But structural differences be-

tween northern and southern individuals,

and their similarity to adults of other spe-

cies, some of which are yet undescribed,

prevented the junior author from describing

the species separate from a revisionary study.

Materials and Methods

Extensive collecting was accomplished in

the southern range of the species by the ju-

nior author, and additional material was ex-

amined from the following collections:

CASC— California Academy of Sciences,

San Francisco, D. H. Kavanaugh & R.

Brett

CNCI— Canadian National Collections, Ot-

tawa, Ontario, L. LeSage

INHS— Illinois Natural History Survey,

Urbana, K. C. McGiffen

MCZC— Museum ofComparative Zoology,

Harvard University, Cambridge, Mas-

sachusetts, S. R. Shaw, D. Furth, S. Pratt
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LSUC— Louisiana State University, Baton

Rouge, C. B. Barr, J. B. Chapin

NMNH — National Museum of Natural

History, Smithsonian Institution, Wash-
ington, D.C., P. J. Spangler

ODAC— Oregon Department of Agricul-

ture, Salem, R. L. Westcott

PERC— Purdue University, West Lafay-

ette, Indiana, A. Provonsha

TAMU— Texas A&M University, College

Station, H. R. Burke, E. G. Riley

UGAM— University ofGeorgia Museum of

Natural History, Athens, C. L. Smith

UMRM— University of Missouri, Colum-
bia, R. L. Blinn, K. B. Simpson

USUC-Utah State University, Logan, W.
J. Hanson

WSUC— Washington State University,

Pullman, R. S. Zack

CBB— Cheryl B. Barr, Sacramento, Califor-

nia

HPB— Harley P. Brown, Oklahoma Muse-
um of Natural History, Norman

JRD—Jack R. Davis, Texas Water Com-
mission, Austin

DLG— Daniel L. Gustafson, Montana State

University, Bozeman
EGR-Edward G. Riley, Texas A&M Uni-

versity, College Station

KLS— Kurt L. Schmude, University ofWis-

consin, Madison
WDS- William D. Shepard, California State

University, Sacramento

A Hitachi S-570 scanning electron mi-

croscope was used at 5 kV or 1 kV to obtain

the SEM photographs. Drawings of the gen-

italia were made using a Prado Universal

(Leitz Wetzlar) microprojector. All mea-
surements were made at 72 x magnification

with an ocular micrometer on a Leitz Wetz-

lar dissecting microscope. Abbreviations

and explanations of measurements used in

the text and Table 1 are listed below:

lOW—minimum interocular width;

PL—maximum length of pronotum mea-
sured along mesal plane;

PW—maximum width of pronotum;

PW/PL— ratio of pronotal width vs length;

EL—maximum length of elytra measured

from anterior margin to apex along elytral

suture with beetle's venter situated in

horizontal plane;

EW—maximum width of elytra;

EL/EW— ratio of elytral length vs width;

PE length— length of pronotum and elytra,

measured separately, and summed.

Stenelmis occidentalis

Schmude and Brown, New Species

Stenelmis sp. (near decorata) Burke, 1963:

113.

Stenelmis s^.^GovQ, 1975:215, 1977: 115,

1978: 147.

Stenelmis mexicana Stewart et al., 1973:

960 [nomen nudum].

Stenelmis mexicanus Poole and Stewart,

1976: 154 [nomen nudum].

Holotype m2At.-Head: lOW: 0.38 mm.
Median dark band between eyes narrowed

posteriorly; each light band equal in width

to dark band at point between eyes. Anten-

nae and palpi testaceous. Antennal and

pronotal lengths equal.

Pronotum (Figs. 1, 2): PL: 1.00 mm, PW:
0.91 mm. Widest just behind middle; sides

narrowed toward base with a slight sinua-

tion before base; abruptly narrowed before

middle, then subparallel to apex. Median
sulcus deep, widest and deepest anteriorly,

gradually narrowed toward base. Median

costae prominent, progressively narrowed

and elevated toward base. Sulcus and costae

obsolete in anterior 0.25 and before basal

margin. Lateral tuberculi prominent, clearly

separated by shallow, oblique lateral de-

pression. Anterior tubercle round; posterior

tubercle more elongate, weakly costate, and

obsolete well before basal margin. Granules

densely but uniformly distributed over dor-

sal surface, except less dense in median sul-

cus; granules of two or more sizes, smallest

granules less than one-half the size of larg-

est. Color grey; costae, median sulcus, and

basal half lighter than apical half.
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Figs. 1 . 2. Slenelmis occidentalis pronota; scale lines 0.5 mm. 1 , alt— anterior lateral tubercle; pit— posterior

lateral tubercle; mc— median costae; ms— median sulcus; old— oblique lateral depression; Texas specimen. 2,

Montana specimen.

Scutellum: Sixteen granules that are

slightly larger than those on pronotum scat-

tered over surface; smaller granules present

also.

Elytra (Fig. 3): EL: 2.30 mm, EW: 1.24

mm. Base of interval 3 moderately costate

for 0.20 elytral length; more costate ante-

riorly but obsolete before basal margin.

Background color brown; each elytron faint-

ly vittate. Medial portion of vitta diffuses

with background color; anterior and pos-

terior portions brighter. Vitta does not over-

lap humeral angle; confined anteriorly be-

tween striae 4-5; medially expanded to

include portion of interval 4; includes stria

3 posteriorly; ends beyond lateral carina but

before apical margin. Interval 1 , and much
of posterior portion on outside of lateral

carina, also lighter than background color.

Venter: Apical emargination of last ster-

num wide and deep, but narrower than api-

cal width of 5th metatarsomere.

Legs (Figs. 4, 5): Each femur with nu-

merous granules of different sizes scattered

over surface. Femur and most of each tibia

same color as pronotum; apex of tibia and

each tarsus testaceous. In dorsal view, basal

halfofeach 5th tarsomere narrow with sides

subparallel, next quarter length dilated, api-

cal quarter length subparallel. Fifth tarso-

mere of pro- and mesotarsi slightly longer

(0.03 mm) than their preceding four tarso-

meres combined; 5th metatarsomere equal

in length to its four preceding tarsomeres.

Apicoventral margin of 5th tarsomere

slightly convex. Conspicuous spinous ridge

on distal half of inner margin on mesotibia.

Distal halfof metatibia with a weak spinous

ridge on inner margin.

Genitalia (Figs. 6, 7): Penis widest at base,

constricted toward middle where it becomes

swollen, then subparallel to its rounded apex.

Each paramere with basodorsal portion

wide, elongate, nearly truncate distally, and

longer than apicodorsal portion; inner dor-

sal margin slightly divergent distally, and
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Fig. 3. Stenelmis occidentalis elytra; scale line 0.5

mm; c— costae on third intervals; Montana specimen.

abruptly angled toward outer margin at apex;

outer margin subparallel basally and con-

vergent apically with a shallow sinuation

before apex; inner ventral margin slightly

sinuate apically, then broadly concave to

base.

Allotype.-IOW:0.39mm,PL: 1.05 mm,
PW: 0.9 1 mm, EL: 2.40 mm, EW: 1 .25 mm.
Essentially similar, but larger. Sides of pro-

notum more sinuate at base, more conver-

gent at apex. Color of interval 1 on elytra

not noticeably lighter than background col-

or. Fifth tarsomere of pro- and mesotarsi

slightly longer (0.04 mm) than preceding four

tarsomeres combined. Without sexual char-

acters (spinous ridge) on meso- and meta-

tibiae.

Variations.— Variation within the type

series is minimal. The antennae can be

slightly shorter than the pronotum. Some
specimens are essentially and faintly bi-

Figs. 4, 5. Sienelnus occidentalis meso- and me-

tatibiae of male; scale lines 0. 1 mm, insert scale lines

0.5 mm; Montana specimen. 4, mesotibia with con-

spicuous spinous ridge on inner margin. 5, metatibia

with weak spinous ridge on inner margin.
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Figs. 6, 7. Stenelmis occidentalis male genitalia;

dorsal; parameres spread wider than natural; scale line

0.25 mm. 6, Mexico specimen. 7, Montana specimen.

maculate, with narrow anterior and poste-

rior maculae confined to interval 5, and
interval 3 to stria 5, respectively. The meso-

and metatibial spinous ridges on males can

be slightly less or more conspicuous.

Variation of specimens from the south-

eastern portion ofthe range is similar to that

found within the type series. Pronotal and
elytral sculpturing can be less pronounced.

As few as nine large granules occur on the

scutellar surface. Elytral color pattern varies

from nearly immaculate, narrowly (interval

5) to broadly (interval 4 to stria 5) maculate

or vittate. Background color ofelytra is light

to dark brown to black; diffusion of the tes-

taceous markings with the light brown back-

ground color is common. In males, the 5th

tarsomere of the pro- and mesotarsi can be

even longer (0.04-0.06 mm) than the pre-

ceding four tarsomeres combined. In both

sexes, the 5th metatarsomere can vary from
being 0.03 mm shorter to 0.03 mm longer

than the preceding four tarsomeres com-
bined. The weak metatibial spinous ridge

on males is inconspicuous to distinct. Male
genitaha vary slightly in size and the medial

swelling of the penis is reduced and not dis-

tinctly evident in some.

In general, northern specimens are larger.

We found a male and female from South

Dakota and a female from Utah with PE
lengths more than four millimeters; these

are the largest Stenelmis recorded from

North America. In northern specimens the

antennae are distinctly shorter than the

comparatively longer pronotum. The an-

terolateral pronotal margin can be sinuate.

The pronotal and elytral sculpturing are

more pronounced. Up to 27 large granules

occur on the scutellar surface. The elytra are

maculate to vittate and the testaceous mark-

ings are usually wider and cover as much
as a part of interval 3 to stria 5 anteriorly,

and striae 2-5 posteriorly. When vittate, the

medial portion varies considerably in width,

from narrow (striae 4-5) to wide (interval

3 to stria 5), and it is usually fainter than

other portions, while it nearly diffuses with

the background color in some beetles. Pos-

terior area on the outside of the lateral ca-

rina can also be lighter than the background

color. Lengths of the 5th tarsomere on the

pro- and mesotarsi of females are 0.03-0.06

mm longer than the preceding four tarso-

meres combined, but are equal to 0.05 mm
longer in males. The 5th metatarsomere is

0.01 mm shorter to 0.01 mm longer in fe-

males, and 0.04 mm shorter to equal in

males. The metatibial spinous ridge on

males, although low, is distinct on most in-

dividuals. Besides being larger, the penis of

most individuals is even more swollen me-
dially, and the outer dorsal margin of the

parameres can be more deeply sinuate be-

fore its apex.

Diagnosis.— This species cannot be in-

serted into the adult keys of Sanderson

(1938) or Brown (1972) because the distin-

guishing characters are not in accordance

with the key's structure. Rearranging the

keys to accommodate adults of 5. occiden-

talis would not be prudent at this time be-

cause several new, undescribed species must

also be included, and a reorganization ofthe
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key based, in part, on different characters is

required. Instead ofproviding a key, we dis-

tinguish adults ofS. occidentalis from aduhs

of similar species in the discussion below.

Although individuals in its northern range

make this species the largest Stenelmis in

North America, some specimens from
southern Texas are relatively small and

could easily be confused with specimens of

other species. Adults of S. occidentalis are

most similar to those of S. decorata San-

derson and S. n. sp. (identified as S. bicari-

nata in Barr and Chapin 1988), but can be

separated by comparing measurements and

ratios of the head, pronotum, and elytra as

listed in Table 1 . In addition, the more pro-

nounced pronotal sculpturing, the elongate

but not distinctly costate basolateral tuber-

cle, and the dense but uniform pronotal

granulation, with different-sized granules,

are distinctive characters. The elytral mark-

ings of most specimens do not contrast as

sharply with the background color as they

do in individuals of most species. The com-
bination of the 5th tarsomere on the pro-

and mesotarsi most commonly being longer

than their preceding four tarsomeres, while

it is shorter or subequal on the metatarsi,

along with the large mesotibial spinous ridge

and smaller metatibial ridge in males, is di-

agnostic. The male genitalia, without a lat-

eral flange on the penis, is very similar to

the genitalia of most species in Sanderson's

(1938) crenata group, but especially to S.

decorata in his sinuata/humerosa group. The
constricted and then swollen medial area on

the penis is unique, and when combined
with its rounded apex and the characteris-

tics of the parameres, males are easily iden-

tified.

Type data.— Holotype, allotype, 33 para-

types: TEXAS: Bastrop Co., Bastrop State

Park, 24 June 1963, at light, S. G. Wellso.

Holotype and allotype are on permanent
loan to the NMNH from TAMU. Paratypes

will be deposited in the following collec-

tions: 15 TAMU, 4 NMNH, 4 CASC, 2

CNCI, 2 INHS, 2 Snow Entomological Mu-

seum, University of Kansas, 2 Instituto de

Biologia, Universidad Nacional Autonoma
de Mexico, Mexico, D.F., 2 HPB.

Additional specimens examined.—An ad-

ditional 2626 specimens were examined.

Following each collection record, the num-
bers of individuals are in parentheses and
immediately precede depository institu-

tions or private collections, which are ab-

breviated as in Methods section. Arkansas.

Scott Co. Mill Cr., 5 mi E Y City, 9 Jul

1965, J. L. Donahue (1 KLS). Washington

Co. 24 Jul 1940 (1 INHS). Arizona. Yuma,
HornColl H3951 (1 MCZC). Yuma,
HomColl H (1 MCZC). Colorado. Mesa Co.

Cameo Power Plant, 8 Jul 1 977, A. A. Bork-

si (2 UMRM; 1 KLS). Louisiana. Grant Par.

Stuart Lk. Rec. Area, 22-29 Jul 1982, light

trap, EGR (2 LSUC). Montana. Tongue R.,

21 Sep 1978, R. Oswald (26 HPB). Bighorn

Co. Busby, Rosebud Cr., 29 Aug 1989, DLG
(34 DLG; 16 KLS). Carter Co. Alzada, Lit-

tle Missouri R., 30 Aug 1989, DLG ( 1 KLS).

Chouteau Co. Ft. Benton, Missouri R., R.

Oswald, summer 1978 (2 HPB). Golden

Valley Co. Ryegate, Musselshell R., 1 Sep

1 989,' DLG ( 1 8 DLG; 1 5 KLS). Musselshell

Co. Melstone, Musselshell R., 1 Sep 1989,

DLG (2 KLS). Rosebud Co. Ashland,

Tongue R., 30 Aug 1989, DLG (19 DLG;
13 KLS). Bimey, Tongue R., 1975, J. A.

Gore (7 KLS). Mouth of Rosebud Cr., 31

Aug 1989, DLG (43 DLG; 28 KLS). Rose-

bud Cr., 10 Jun 1976, S. Baril (51 HPB).

Nebraska. Dawes Co. White R., 8 mi NE
Chadron, 17 Jun 1984, W. P. McCafferty,

A. V. Provonsha (6 PERC; 6 KLS). Nevada.

Clark Co. Moapa, Muddy R., 12 Dec 1986,

WDS (2 KLS; 4 WDS), Muddy R. & Warm
Springs outflow stream, 6.5 mi NW Moapa,
12 Dec 1986, CBB (2 CBB). Lincoln Co.

Ash Springs outflow streams, U.S. Hwy 93,

12 Dec 1986, CBB (7 LSUC; 16 CBB; 9

KLS; 10 WDS). Oklahoma. Caddo Co. Ana-

darko, Washita R., 20 Jul 1963, HPB (7

HPB). Verden, Washita R., 31 May 1971,

HPB (45 HPB). Cleveland Co. Norman, 25

Aug 1975, 3 Jun-13 Aug 1976, light trap.
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WDS (3 WDS). Comanche Co. East Cache

Cr., 1 Jul 1963, HPB (36 HPB). Custer Co.

Washita R., 2 mi W Clinton, 5 Nov 1977,

WDS (5 WDS), 8 mi E Cordell, 5 Nov 1977,

WDS (6 WDS). Garvin Co. Washita R. N
Wynnewood, 1 Sep 1967, HPB (21 HPB).

Grady Co. Washita R., 6 Oct 1963, HPB (1

HPB). Johnston Co. Tishomingo, Penning-

ton Cr., 25 Jul 1 972, HPB ( 1 HPB). Latimer

Co. 5 miW Red Oak, 2 Jul 1977, K. Stephan

(1 HPB). Love Co. Mud Cr., 5 Jul 1963,

HPB (1 HPB). Major Co. creek W Cleo

Springs, 1800 ft elev., 5 Sep 1971, HPB (10

HPB). McClain Co. S. Canadian R., New-
castle, 18 Aug 1976, WDS (2 WDS).
McCurtain Co. Glover R., 25 Jul 1972, HPB
(1 HPB). Stephens Co. Wild Horse Cr., 26

Jul 1962, HPB (34 HPB). Washita Co. Cor-

dell, 4 Jul 1969, HPB (30 HPB). Oregon.

Malheur Co. Ontario, Exp. Sta., 2 Aug 1960,

light trap, F. P. Larson (2 ODAC; 2 HPB).

South Dakota. Fall River Co. Cheyenne R.,

U.S. Hwy 38, 11 Jun 1975, W. P. Mc-
Cafferty, A. V. Provonsha, B. L. Heath (4

PERC; 3 KLS). Texas. Anderson Co. 10 mi
SW Elkhart, 23 Jul 1960, light trap, H. R.

Burke (3 TAMU). Salmon, 27 Jun 1975,

light trap, H. R. Burke (4 TAMU). Trinity

R., U.S. Hwy 287 nr Cayuga, 6 Oct 1987,

JRD (2 JRD). Bastrop Co. Bastrop St. Pk.,

24 Apr 1962, light trap, S. G. Wellso (10

CASC; 10 TAMU; 6 INHS), 13 Jun 1969,

S. Peck (5 INHS). Bee Co. Aransas R. E
Papalote, 29 Apr 1 982, JRD (3 JRD; 2 KLS).

Bexar Co. San Antonio, 2 Jun 1958, J. F.

Lawrence (1 HPB; 2 MCZC), 4 Jun 1975, M.
Druckenbrod (3 NMNH). Blanco Co. John-

son City, 5 Oct 1966, HPB (2 HPB). John-

son City, Pedemales R., 27 Aug 1967, HPB
(9 HPB). Bosque Co. 1 mi N Clifton, 6 Jul

1967, 19 Aug 1970 (13 TAMU). 2 mi W
Iredell, 1 Jul 1966 (2 TAMU). Morgan,

Steele Cr., 23 Dec 1974, 30 Dec 1976, WDS
(4 WDS). Brazos Co. Bryan, 16-21 Jul 1965,

28 May-1 2 Jul 1 966, light trap, J. C. Schaff-

ner (17 TAMU), 25 Jun-8 Aug 1988, EGR
(7 TAMU; 4 EGR). Cedar Cr., Oct 1971,

R. G. Phelps (1 TAMU). College Station,

10 May 1964, H. R. Burke (1 TAMU), 5-

10 Aug 1968, 1 Jun 1970, V. V. Board (30

TAMU), 1966, M. H. Sweet (4 TAMU), 21

Aug 1972, light trap, W. E. Clark (1 TAMU),
1 7 Jun 1 989, EGR (4 TAMU). Little Brazos

R., Hwy 21, 3 Jul 1970, V. Board & R.

Phelps ( 1 8 TAMU). Caldwell Co. Plum Cr.,

U.S. Hwy 183, 1 1 Sep 1987, CBB (3 LSUC;
4 CBB). Coke Co. NE Bronte, 29 May 1969,

HPB (25 HPB). Colorado Co. Columbus (29

NMNH). Coleman Co. Coleman, 29 May
1969, HPB (1 HPB). Comal Co. Guadalupe

R., 1.8 mi E Spring Branch, Rte 33, 16 Dec
1989, R. S. Zack (15 WSUC). Guadalupe

R. St. Pk., 1 1 Sep 1987, light trap, CBB (3

LSUC; 13 CBB; 1 KLS). Wimberly, Blanco

R. 25 May 1969, HPB (1 HPB). Comanche
Co. De Leon, Sabanna R., 29 May 1969,

HPB (8 HPB). Concho Co. Concho R. S

Lowake, 23 Jul 1982, JRD (8 JRD; 4 KLS).

Cooke Co. Gainesville, Elm FTc. Trinity R.,

21 Jun 1978, WDS (1 WDS). Coryell Co.

Gatesville, 20 Aug 1970, HPB (8 HPB).

Crosby Co. Crosbyton, 22 Apr 1972, HPB
(1 HPB). Denton Co. Argyle, Denton Cr.,

28 Apr 1939, J. A. & H. H. Ross ( 8 INHS).

Denton Cr., 12 mi S Denton, 21 Jun 1978

(3 WDS). 3 mi S Denton, U.S. Hwy 35, 22

Jul 1975 (12 WDS). Elm Fk., 15 Nov 1970,

D. McNeely (7 WDS). DeWitt Co. Coleto

Cr. nr Weser, 28 Mar 1 974, HPB (29 HPB).

NE Westhoff, 28 Mar 1974, HPB (77 HPB).

Brook S Westhoff, 28 Mar 1974, HPB (9

HPB). Duval Co. Sepulveda Ranch, 4 Jul

1970, C. W. Griffen (1 NMNH). Ellis Co.

Waxahachie, 31 Aug 1967, HPB (7 HPB).

Fort Bend Co. Missouri City, 31 May 1977,

light trap, EGR & LeDoux (8 EGR; 2 KLS).

Frio Co. Pearsall, 26 Jun 1970, J. W. Smith

(1 TAMU). Gillespie Co. Pedemales R., 4

mi S Fredericksburg, 23 Jun 1978, WDS (4

WDS). Goliad Co. Goliad, San Antonio R.,

23 Jul 1962, H. R. Burke (1 TAMU). Small

creek E Goliad, 29 Mar 1 974, HPB (2 HPB).

Gonzales Co. Gonzales, Guadalupe R., 28

Mar 1974, HPB (57 HPB). Palmetto St. Pk.,

7 Jun 1 969, Board & Hafemik (6 1 TAMU),
1 4 Jun 1 969, M. W. Sanderson ( 1 25 INHS),
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30 May 1977, light trap, EGR (6 LSUC; 20

NMNH; 50 UMRM; 39 HPB; 1 1 EGR; 25

KLS), 30 May 1983, 27 Apr 1988, CBB (3

LSUC; 5 CBB), San Marcos R., 31 May
1983, CBB (2 CBB). Grimes Co. Navasota,

Navasota R., 31 Aug 1967, HPB (9 HPB).

Navasota R., Hwy 158,15 Aug 1 962, Reeves

& Burke (1 TAMU). Guadalupe Co. Shertz,

25 Jun 1985, light trap, D. W. Sundberg (2

LSUC; 12 CBB). Hamilton Co. Hico, N.

Bosque R., 22 Jun 1978, WDS (45 WDS).
Leon R., 6 mi N Hamilton, 22 Jun 1978,

WDS (133 WDS). Harris Co. Houston, Buf-

falo Bayou, 16 Jul 1985, JRD (6 JRD; 2

KLS). Seabrook, 19 Aug 1970, light trap,

WDS (1 WDS). Havs Co. Buda, Onion Cr.,

17 Sep 1960, H. Chambers (8 TAMU). San

Marcos, San Marcos R., 30 Sep 1964, 9 Aug
1969, HPB (4 HPB). San Marcos R. 12 Jul

1967, light trap, G. S. Tulloch (1 TAMU),
27 Aug 1974, J. Kolb (2 NMNH). Hidalgo

Co. Bentsen-Rio Grande St. Pk., 18 Jun

1969, Board & Hafemik (1 TAMU), 9-10

Jun 1975, light trap, R. Tumbow (6 HPB;
8 UGAM), 17-18 May 1979, 4 Oct 1986,

1 5-16 Oct 1 988, EGR (2 NMNH; 3 TAMU;
2 EGR). Santa Ana Nat. Wldlf Ref , 23 Oct

1987 (2 EGR). Hill Co. Blum, Nolan Cr.,

23 Dec 1974, WDS (1 WDS). Kaufman Co.

Trinity R., Hwy 34 nr Rosser, 26 Aug 1987,

1

2

Oct 1988, JRD (20 JRD; 7 KLS). Kendall

Co. Boeme, Cascade Caverns, 20 Jul 1981,

W. E. Steiner (2 NMNH). Mission, 17 Jul

1981, light trap, W. E. Steiner (5 NMNH).
Lavaca Co. Navidad R., 10 & 12 mi N Hal-

lettsville, 23 Apr 1961, 28 Jul 1961, H. R.

Burke (2 TAMU). Limestone Co. Groes-

beck, Navasota R., 18 Oct 1969, HPB (2

HPB). Live Oak Co. 1 2 mi N Mathis, 7 Aug
1971, light trap, W. H. Tyson (1 NMNH).
Whitsett, Atascosa R., 25 Aug 1962, J. Haf-

emik (1 TAMU). Llano Co. Castell, Llano

R., 1 Oct 1960, H. R. Burke (2 TAMU).
McCulloch Co. San Saba R., 16 mi S Brady,

13 Jun 1963, D. C. & K. A. Rentz (363

CASC; 26 KLS). McLennan Co. Bosque R.

nr Waco, 14 May 1961, B. McDaniel (2

TAMU). Medina Co. Hondo, Hondo Cr.,

25 May 1969, HPB (4 HPB). Menard Co.

Menard, May 1946, L. J. Bottimer(6 CNCI).

Montgomery Co. Conroe, W. Flc. San Ja-

cinto R., 25 Jun 1967, HPB (2 HPB). The
Woodlands, 1-10 Jul 1978, R. Tumbow (2

UGAM), 24-30 Jun 1979, J. E. Wappes (1

TAMU). Nacogdoches Co. Douglas, Ange-

lina R., 10 Aug 1969, HPB (1 HPB). Nolan

Co. Sweetwater, 10 Jul 1937 (1 TAMU).
Nueces Co. Corpus Christi, 26 Jun, 1 Jul

1970, light trap, C. W. Griffen (6 TAMU).
Palo Pinto Co. Brazos R., Hwy 4, 30 May
1973, B. Stark (2 HPB), 29 Jul 1982, WDS
(3 WDS), 4 mi W Mineral Wells, 27 Jun

1978, WDS (63 WDS). Dark Valley, 29 Jul

1970, D. McNeely (2 WDS). 4-5 mi SW
Graford, 25 Aug 1981, WDS (53 WDS; 15

KLS). Parker Co. Dennis, Brazos R., 24-25

Jun 1989, EGR (1 TAMU). Robertson Co.

Camp Cr., 1 Jun 1 962, light trap, V. House

(1 TAMU). Runnels Co. Ballinger, Colo-

rado R. Rte 83, 19 Dec 1989, R. S. Zack (5

WSUC). San Patricio Co. 6 mi W Edroy, 1

Jul 1970, C. W. Griffen (4 TAMU). Lake

Corpus Christi St. Pk., 9 Jun 1969, Board

& Hafemik (5 TAMU). San Saba Co. San

Saba R., 5 mi W San Saba, 22 Jun 1978,

WDS (2 WDS). Somervell Co. Glen Rose,

Paluxy R., 23 Dec 1974, WDS (8 WDS).
Tarrent Co. Benbrook, Trinity R., 27 May
1971, 13 Jun 1974, WDS (50 WDS). 5 mi

S Benbrook, 21 Jun 1978, WDS (7 WDS).
Tom Green Co. Concho R., 14 mi E San

Angelo, 12 Jun 1961, H. R. Burke (2

TAMU). Travis Co. Austin, Onion Cr., 19

Aug 1970, 4 Jul 1978, HPB (5 HPB). Vic-

toria Co. Raisin, Coleto Cr., 29 Mar 1974,

HPB (5 HPB). sandy creek W Inez, 29 Mar
1974, HPB (12 HPB). San Antonio R., 16

mi S Victoria, 20 Aug 1962, H. R. Burke

(4 TAMU). Victoria, 26 Jun 1965, P. J.

Spangler (3 NMNH). Washington Co.

Washington-on-the-Brazos St. Pk., 12 Jun

1969, M. W. Sanderson (21 INHS). Whar-

ton Co. Wharton, 19 Aug 1970, light trap,

WDS (1 WDS). Williamson Co. San Gabriel

R., 6 mi E Georgetown, 1 Oct 1960, H. R.

Burke (5 TAMU), Taylor, 16 Jun 1967, J.
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Fig. 8. Distribution of Stenelmis occidentalis. Star represents type locality. Arizona record is questionable;

see section on distribution.

E. Hafernik (2 TAMU). Wilson Co. Cibolo

Cr., 8 May 1980, JRD (34 HPB). Zapata

Co. Falcon St. Pk., 1 1 Jun 1975, light trap,

R. Tumbow (7 UGAM). Falcon St. Rec.

Area, 5 Jun 1983, light trap, CBB & D. A.

Rider (25 LSUC; 47 CBB; 16 KLS). Utah.

Box Elder Co. 5 Oct 1971, D. W. Shaw (1

HPB), 5 Jul 1972, R. Newell (2 HPB). Deep
Cr., 3 Jan 1 97 1 , D. W. Shaw (2 HPB). Field-

ing, Malad R., 14 Aug 1954, A. Gaufin (4

HPB). Cache Co. Logan, 24 Jul 1974, G. F.

Knowlton (1 USUC). Duchesne Co. Ft. Du-
chesne, Uinta R., 31 Mar 1973, 5 Oct 1974,

B. P. Stark (14 HPB). Grand Co. Arches

Nat. Mon., Moab, 12 Jul 1964, J. T. Doyen
(1 HPB). Uintah Co. Uinta R., Hwy 40, 23

May 1974, B. P. Stark (2 HPB). Ashley Cr.

nr Vernal, 1 Apr 1973, 5350 ft, B. P. Stark

(7 HPB). Wayne Co. 14 mi S Hanksville,

25 Jul 1968, at light, H. F. Howden (1

CNCI). Weber Co. Ogden, 10 Aug 1960, G.

F. Knowlton (1 HPB). Mexico. Coahuila

Rio San Rodrigo, E El Remolino, 26-27

May 1969, HPB (3 HPB). Villa Fuente, 26

May 1969, 19 Aug 1970, HPB (27 HPB).

Zaragoza, 26 May 1969, HPB (14 HPB).

Distribution (Fig. S).— Stenelmis occiden-

talis is the most common and widespread

species of Stenelmis restricted to areas west

of the Mississippi River, and one of only a

few found in Mexico. It is also the only

species known to occur in the northwestern

U.S. (MT, OR, UT), an area formerly be-

lieved to be devoid of the genus. Although

there are large areas in its range from which

we have not seen specimens, we suspect a

lack ofcomprehensive collecting is the cause

of its apparent absence. Two specimens from

Yuma, Arizona were found in the Hom-
LeConte Collection, MCZC. Since these

venerable beetles have never been men-

tioned in the literature, and we are unaware
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of any other records from Arizona, their

label data may be questionable, but not im-

possible.

Habitat.— Adults occur in several types

of lotic situations and on a variety of sub-

strates. In southeastern Montana, a popu-

lation of adults was found on rocks in Rose-

bud Cr., a shallow, very warm, five-foot wide

ditched creek, with minimal flow; the creek

supported a massive algal population and

the beetles were covered with algae. Further

downstream aggregations of 10-20 individ-

uals were found in depressions on rocks, just

above the anaerobic stain on the rocks. In

contrast, adults were also found in the shal-

low, turbid, 30-foot wide Musselshell R.

where they occurred in aggregations on large

rocks in fast current near the shore. Others

were collected from woody debris and over-

hanging shoreline vegetation in the Tongue
R., a deep, turbid, 50-foot wide river. In

southern Nevada, adults were found in a

small stream and spring outfall. The water

was clear and warm, and there was a mod-
erate to fast current with a sand-gravel-rock

substrate; filamentous algae, woody debris,

and travertine were abundant. In Texas and

Oklahoma, S. occidentalis was most com-
monly collected from rocks and submerged

wood in sandy streams. The type series was

collected at a light trap. Newly emerged

adults are readily attracted to lights.

Etymology. —Named after its wide-

spread, western distributional pattern.
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A NEW SPECIES OF JAPANAGROMYZA
(DIPTERA: AGROMYZIDAE) FROM FLORIDA,
WITH A KEY TO NORTH AMERICAN SPECIES

Brian M. Wiegmann
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Abstract.—Tht new species Japanagromyza polygonivora is described from Florida,

based on specimens reared from blotch mines in a smartweed, Polygonum sp. (section

Persicaria). This is the first record of an agromyzid attacking this plant in North America.

A revised key to the North American species is provided to help separate this species

from other known members of the genus.

Key Words: Agromyzidae, Japanagromyza, Polygonum, smartweed, leaf-miner

Japanagromyza, originally described for

six species from Japan (Sasakawa 1958), is

now known from nearly all zoogeographic

regions. It is represented in the Indopacific

by 16 species (Sasakawa 1963), 7 in Aus-

tralia (Spencer 1977), and 20 in the Neo-

tropical region (Spencer and Stegmaier

1973). In North America, only 5 species

were recorded until Spencer and Steyskal

(1986) added an additional one from the

Western United States, which significantly

broadened the generic concept. The latter

authors also provided a revision ofthe North

American species.

Larvae of this genus attack a wide variety

of hosts. Nearly all make blotch mines and

pupate in the soil (Spencer and Steyskal

1986). In North America, species o{Japan-

agromyza have been recorded mining leaves

of Fabaceae and Fagaceae. Although in Eu-

rope, Agromyza pittodes Hendel is known
to attack Polygonum viviparum and A. po-

lygon! Bering is recorded from Polygonum
bistorta, no North American species ofagro-

myzid has ever been associated with plants

in the family Polygonaceae.

The discovery of Japanagromyza poly-

gonivora, new species, from Florida, mining

the leaves of a smartweed Polygonum sp.

(sect. Persicaria), is of considerable interest

taxonomically, as well as biologically. This

fly lacks the prescutellar bristles and has 2

pairs of dorsocentrals showing its possible

relationship with /. perpetua and /. des-

modivora. Because species of the genus nor-

mally have only 2 pairs of dorsocentrals, a

character common in the genus Melanagro-

myza, and it frequently possesses prescu-

tellars, a character of the genus Agromyza,

it is often considered intermediate between

these two groups. These characters vary sig-

nificantly throughout the group, however,

and their phylogenetic utility must be left

uncertain until a more detailed analysis is

undertaken. The presence of two apical

midtibial bristles indicates its placement in

the Japanagromyza. The distinctive shapes

ofthe epandrium and surstylus indicate that

it is new.

In this paper, I describe as new Japan-

agromyza polygonivora, give a brief generic

diagnosis, and provide a key to the North

American species of the genus.

Methods

In this paper, morphological terminology

follows the convention used by Spencer and
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Steyskal (1986) to allow for effective com-
munication and comparison of male geni-

talic features. There has been considerable

debate over the homologies ofthe structures

of the male genitalia of higher Diptera

(Griffiths 1972,McAlpine 1981, Wiegmann
1989), leading to alternative terminologies

for these structures. My use of the terms

epandrium and surstyli (McAlpine 1981,

Spencer and Steyskal 1986) (= periandrium

and gonostyli of Griffiths 1972) is not an

endorsement of either genitalic homology

theory, but reflects the usage of other work-

ers in Agromyzidae (i.e. Spencer 1976).

Descriptions of characters were made us-

ing a Wild Optics dissecting scope at 25 x

.

Measurements were made with an objective

micrometer. Genitalia were dissected cleared

in KOH, and preserved in glycerin for fur-

ther study. Leaf mines were collected from

Brevard Co., near Melbourne, Rorida on

1 5-v- 1 986 by K. Hibbard and F. Smith, and

adults were reared by H. Weems. Emer-

gence was on or near lO-xii-1986. For in-

formation on rearing Agromyzidae from

their mines see Spencer and Steyskal (1986).

JapanagromyzaSasakawa, 1958: 138. Type
species Agromyza duchesneae Sasakawa,

1954: 106, original designation.

Diagnosis: Robust black flies, 1 .5-3.0 mm
long; frons normally black or brownish, ap-

proximately equal to width of eye, as long

as or narrower than wide; upper orbitals 2;

lower orbitals 2; gena narrow, 0.05-0.12 of

eye height; 1st flagellomere rounded to oval;

arista bare or with microscopic pubescence;

mesonotum normally with + 2 dorsocen-

trals; acrostichals 8 to 10 rows; prescutellars

1 pair, sometimes lacking; halter white or

yellow, often with black base; wing 1.5-2.5

mm long; costa reaching M 1 + 2; foretibia

with one lateral bristle, midtibia with two;

male genitalia with epandrium ventrally ar-

ticulated to hypandrium; surstylus directed

inwards or downwards, often with several

stout spines or terminal uncus; cercus vari-

able often with stout internal spines, or long

Figs. 1-3. Japanagromyza polygonivora Wieg-

mann n. sp. male. 1, Head, lateral view (bar = 0.07

mm); 2, Epandrium with (A) surstylus, (B) cercus, lat-

eral view (bar = 0.03 mm); 3, Aedeagus (bar = 0.04

mm).

black hairs; aedeagal hood lightly sclero-

tized or partly membranous; distal tubule

long, membranous, often coiled.

Key to North American
Japanagromyza Adapted fhom
Spencer and Steyskal (1986)

1 . Dorsocentrals 3 + 1 ; frons reddish

rutiliceps (Melander)

Dorsocentrals only 2 post sutural (0+ 2); frons

black or brown 2

2( 1 ) Prescutellars absent 3

Prescutellars present 5

3(2) Mesonotum distinctly greenish; cercus with

numerous stout spines perpetua Spencer

Mesonotum matt grayish black, at most only

faintly greenish; cercus with few or no stout

spines, but with long fine hairs 4
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Figs. 4-8. Japanagromyza polygonivora Wieg-

mann n. sp. male. 4, Hypandrium (bar = 0.04 mm);
5, sperm pump (bar = 0.015 mm); female 6, sperma-

theca (bar = 0.02 mm); 7, cerci (bar = 0.03 mm); 8,

egg guide, lateral view (bar = 0.03 mm).

4(3) Mesonotum primarily matt grayish black,

only faintly greenish; cercus with several stout

spines and unusually long black hairs

desmodivora Spencer

- Mesonotum matt grayish black, never green-

ish; cercus without stout spines but with many
long fine black hairs

polygonivora Wiegmann n. sp.

5(2) Mesonotum greenish 6

Mesonotum predominately black

viridiila (Coquillett)

6(5) Upper orbital bristle shorter than lower . . .

inaequalis (Malloch)

Upper orbital bristles equal in length

aequalis Spencer

Japanagromyza polygonivora

Wiegmann, New Species

A small black fly, with light gray tomen-
tum, 2.4-2.7 mm long.

MsAQ.— Head: (Fig. 1) frons black, light

gold tomentose, approximately equal to

width of eye; parafrons black, bare; vertex

black, bare, convex; lower orbitals 2 equal;

upper orbitals 2 equal; orbital setulae sparse,

erect; lunule light gold tomentose, concave,

as high as basal width; antenna black, ped-

icel with single black dorsoapical seta; 1st

flagellomere subspherical, black, gray pi-

lose; arista 2 x as long as antenna, pubes-

cent, with basal % swollen; gena black, gray

tomentose, rectangular, 0.20 height of eye;

palpus black, gray tomentose with short

black hairs; proboscis brown with gold hairs.

Thorax: mesonotum black, gray tomen-

tose, dorsocentrals + 2; prescutellars lack-

ing; acrostichals irregularly in 9-10 rows,

all except median two rows ending at pos-

terior dorsocentral; setulae between supra-

alar and dorsocentrals in 6-7 irregular rows;

supra-alar as long as dorsocentrals; scutel-

lum black, lightly gray tomentose; basal scu-

tellars 2 x as long as apical scutellars; pleu-

ron black, gray tomentose; postpronotal lobe

with single long black seta, and several short

black setae; notopleuron with 2 equal setae;

anepistemum with posterior row of short

black setae; katepistemum with single dor-

sal row of 4 black setae; katepistemal seta

3 X as long as anterior 3; proepistemum with

single long black seta; epimeron black, gray

tomentose.

Legs: black with black setae; coxae with

black setae anteriorly; foretibia with one lat-

eral black bristle; midtibia with 2 lateral

black bristles.

Wing: 2.2-1A mm long, entirely micro-

trichose; costa reaching M 1 + 2 with three

sections in proportion of 50:18:10; r-m be-

fore middle of discal cell (2:3); ultimate sec-

tion of Ml +2 as long as penultimate; ul-

timate section of M3 + 4 as long as

penultimate (25:25); squama white with

dense fringe of gold hairs; halter white.

Abdomen: black, lightly gray tomentose,

with dense black setae.

Terminalia (Figs. 2-5): Epandrium black,

with black hairs dorsally, without stout



VOLUME 93, NUMBER 1 65

18KU UDaStm 8 = 00088 P:80818

Fig. 9. Japanagromyza polygonivora Wiegmann n. sp. pupanum, posterior view SEM.

spines; surstylus forked into 2 approxi-

mately equal appendages, ventral incurved,

dorsal downcurved, with sharp apical spine

(Fig. 2); cercus extending to level of surstyli,

black with long fine black hairs, with thin

apical flange exteriorly, without stout spines;

hypandrium (Fig. 4) slightly longer than

phallapodeme, without hypandrial apo-

deme; aedeagus as in Fig. 3, distiphallus '/?

as long as phallapodeme, membranous; dis-

tal tubule straight not coiled; endophallus

heavily sclerotized dorsally.

Female.— Identical to male in all char-

acters except slightly larger in some dimen-

sions such as frontal width and wing length.

Female terminalia (Figs. 6-8): Ovipositor

sheath trapezoidal, black, lightly gray to-

mentose, as long as or slightly shorter than

tergite 6; egg guides as in Fig. 8, with ap-

proximately 20 rectangular serrations; cer-

cus with 2 long tactile sensilla and scattered

long hairs (Fig. 7); spermatheca spherical

unmodified (Fig. 6).

Host/early stages.— This species makes a

blotch mine in the leaves o{ Polygonum sp.

Subsequent collection of the host-plant in-

dicates that it is a smartweed in the section

Persicaria of the genus Polygonum probably

belonging to the species P. densiflorum

Meissner. This identification was based on

poorly preserved vegetative material, how-

ever, and should only be regarded as an ap-

proximate species determination. Further

collections are needed to obtain a more pre-

cise host-plant determination. Puparium:

2.0-3.0 mm long, dark brown, visibly seg-

mented; posterior spiracles ringed by 6-8

small projections on widely spaced conical

protuberances (Fig. 9).

Type material.— Holotype, male, Flori-

da, Brevard Co., near Melbourne, 15-V-86,

Hibbard-Smith colls. The holotype, 1 male,

and 2 female paratypes deposited USNM
Washington D.C.; the remainder, 1 male, 4

females and 5 pupae collected at the same

locality, were returned to the Florida State

Collection of Arthropods, Gainesville.

The above description was made from the
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series of specimens due to damage from be-

ing preserved in alcohol. Male paratypes

were examined for characters missing in the

holotype. The holotype is missing 1 upper

orbital, 1 lower orbital, 1 flagellum, 1 dor-

socentral, and 2 of 4 scutellars.

Diagnosis: This species can be easily dis-

tinguished from the other Japanagromyza
species from the Caribbean area by the

unique appendages of the surstylus (Fig. 2)

and the absence of prescutellar bristles.

Etymology: The name polygonivora is an

adjective based on the larval feeding habit

in the leaves of Polygonum sp.

Discussion

The new species Japanagromyza polygo-

nivora represents the first North American

agromyzid attacking Polygonum sp. Further

collections are needed to obtain an accurate

species identification of the host-plant and

to help determine the range of hosts in Po-

lygonaceae. The close similarities between

J. polygonivora and the other members in

the genus illustrate the difficulties in making
species level identifications in the Agro-

myzidae. The male genitalia are crucial in

distinguishing between closely related

members of this family. /. polygonivora is

no exception with its distinctive forked sur-

stylus which is unique in the genus.
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Abstract. —Three species of parasites were colonized against Crioceris asparagi. Of these

Lemophagus crioceritor Aubert (Hymenoptera: Ichneumonidae) is probably established

in Canada. Two species of parasites were released against C duodecimpunctata but none

was recovered.

Key Words: Insecta, asparagus, biological control, parasite, Lemophagus, Tetrastichus,

Meigenia, Diaparsis, Paralispe, Mesochorus

Two species of chrysomelid beetles, the

asparagus beetle (AB), Crioceris asparagi

(L.), and the spotted asparagus beetle (SAB),

C duodecimpunctata (L.), are serious pests

of asparagus culture in North America. Both

species are exotic; their origin is believed to

be Europe. There are 83,000 acres of com-
mercial asparagus in the United States with

an annual value in excess of $82 million.

The acreage is spread over 12 states with

the highest production in California, Wash-
ington, Oregon, Michigan, and Illinois. Cri-

oceris species are serious pests of asparagus

in all states except California. In three states,

Washington, Michigan, and Illinois, the an-

nual loss to beetle feeding damage, resultant

market culling, and the cost of partially ef-

fective chemicals used in an attempt to con-

trol the beetles is between $1.4 and $1.6

million. In New Jersey, there are generally

three spray applications per year at a total

cost of about $200,000. Even so the beetles

remain a problem.

The USDA Agricultural Research Service

conducted a biological control program

against these beetles in North America in

the 1980s. This is a summary ofthe project.

Materials and Methods

To obtain parasites of the beetles, large

numbers of late instar C asparagi larvae

were collected from asparagus fields in

France, and then held in screen bottom cag-

es at the European Parasite Laboratory, then

at Sevres, at ambient room conditions. Bou-

quets of asparagus ferns were supplied as

food. Mature larvae dropped through the

screen bottom of the cage and pupated in a

mixture of moist sand and vermiculite. To
obtain parasites of SAB, large numbers of

asparagus berries infested with SAB larvae

were collected and held under the same con-
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ditions. Mature larvae of this species

emerged from the berries, dropped to the

substrate, and burrowed into it to pupate.

Aduh and pupal parasites which emerged

were sent to the Beneficial Insects Research

Laboratory, Newark, Del. Pupae were held

in quarantine until emergence of the adult

parasites. After clearance from quarantine,

parasite species were divided among project

researchers directly involved in the project

in Delaware, Maryland, and Quebec, Can-

ada, and cooperators in Delaware, Maine,

Maryland, Missouri, New Jersey, Virginia,

and Washington for study and colonization.

Field recovery sampling of the coloniza-

tion sites consisted of weekly collections of

up to several hundred mature larvae, de-

pending on the abundance of the beetle lar-

vae. AB larvae were held in small cages in

the laboratory with bouquets of asparagus

ferns for food. Since SAB larvae develop in

asparagus berries, 473 ml (1 pint) of fully

formed berries, green or red in color, were

collected weekly for recoveries of the intro-

duced parasites.

Results and Discussion

European collections: A total of 145,560

C. asparagi larvae and 136,560 C. duode-

cimpunctata larvae were collected in France.

From this material, five primary parasites

were recovered. They were Diaparsis trun-

catus (Gravenhorst) (Hymenoptera: Ich-

neumonidae), Lemophagus crioceritor Au-
bert (Hymenoptera: Ichneumonidae),
Meigenia mutabilis (Fallen) (Diptera: Ta-

chinidae), Tetrastichus asparagi Crawford
and T. crioceridis Graham (Hymenoptera:

Eulophidae). Of these, two species were new
to science: Lemophagus crioceritor was de-

scribed by Aubert (1986) and Tetrastichus

crioceridis by Graham (1983). The follow-

ing is a summary of the parasite species

composition and abundance from the total

host collections.

AB: Tetrastichus asparagi 10.3%

Meigenia mutabilis 16.1%

Lemophagus crioceritor 7.9%

Total 34.3%

The hyperparasite, Mesochorus testaceus

Gravenhorst (Hymenoptera: Ichneumoni-

dae), was recovered from 32.1% of the host

insects containing L. crioceritor.

SAB: Diaparsis truncatus 20.0%

Tetrastichus crioceridis 1 7 .8%
Total 37.8%

North American colonizations: The total

numbers of parasites colonized in the Unit-

ed States and Canada were 1 1,236 (50.2%

9) D. truncatus; 448 1 (49.8% 9) Lemophagus
crioceritor (1600 additional pupae were used

for laboratory studies); 8381 (56.8% 9) M.
mutabilis; 34,731 (96.5% 9) T. asparagi; and

86,018 (73.0% 9) T. crioceridis.

Recovery of L. crioceritor: A total of 166

L. crioceritor was released at a field adjacent

to the Beneficial Insects Research Labora-

tory, Newark, Del. in 1984 and 1985. Re-

covery attempts were made at this site from

1986 to 1989 and a total of 1566 AB larvae

were collected. Of these, 65.0% produced

adult beetles and 2.1% produced parasites

of three species. A single specimen of L.

crioceritor was recovered in 1986, three

specimens in 1987, no specimens in 1988

or 1989, although a single live individual

was observed on the asparagus plants in July

1988.

In Maryland only one adult L. crioceritor

was ever recovered from any of the colo-

nization fields. That was from the Beltsville

Agricultural Research Center in 1986, the

year after the initial colonizations.

Colonizations were also made by RMH
and JJD at 25 other sites in Delaware,

Maryland, and New Jersey. The sites were

commercial fields subjected to regular in-

secticidal treatments. AB larvae were col-

lected from 1 9 of these fields for the next 2

years, but L. crioceritor was only recovered

in the year of colonization.

At L'Assomption, Quebec, a total of 312

adults ofL. crzocm/or was colonized in 1985

and 1986. In 1987 parasitization was 8.9%

(n = 74). An administrative change in re-



VOLUME 93, NUMBER 69

search objectives prevented recovery at-

tempts in later years.

Harmer et al. (1990), cooperators at the

University of Guelph, Ontario, released L.

crioceritor in 1987. They found a rate of

parasitism of 15.7% for the first generation

and 24.8% for the second generation in 1 989,

which suggests the parasite is probably es-

tablished.

The probable establishment of L. cri-

oceritor in Canada and its probable failure

to establish, at least in recoverable numbers,

in the Middle Atlantic states suggest that

the parasite is favored by cooler northern

latitudes. A similar situation was noted in

France. The overall percentage parasitiza-

tion in the fields studied in France averaged

7.9%. However, in the most northern col-

lection sites, the departments of Loiret and

Loir-et-Cher, parasitization was 8.6%. In the

most southern collection area, the depart-

ment of Drome, the parasitization was only

0.6%.

Recovery of other parasite species: The
gregarious larval parasite, T. asparagi, was

recovered from AB collected from 1986-

1989. However, the overall parasitization

was extremely low. Only 0.5% (n = 7) of the

hosts from which live forms emerged were

parasitized by the eulophid and 3 1 individ-

uals emerged at the Beneficial Insects Re-

search Laboratory. Although T. asparagi "was

recorded in North America as early as 1 863

(Clausen 1978), specimens were colonized

to increase the genetic diversity of the par-

asite and possibly increase its effectiveness

in North America. FG found that 10.3% of

the hosts were parasitized by T. asparagi in

France.

At UAssomption, Quebec, the average

maximum parasitism by T. asparagi was
39.1% in the first generation and 49.2% in

the second generation for 1 980-1 987. These
figures are very much higher than those

found in Delaware. This suggests the par-

asite has definite climatic preferences.

A native solitary parasite, Paralispe in-

fernalis (Townsend) (Diptera: Tachinidae),

was recovered from many samples in Mary-
land and Delaware, but it produced only

2.1% parasitization (n = 22) at the Benefi-

cial Insects Research Laboratory and ap-

parently had no controlling impact on the

populations of the host.

Since no specimens of parasites released

against SAB were recovered and only one

species, L. crioceritor, is probably estab-

lished against AB, the USDA has discon-

tinued the introduction program. However,

there is still the possibility that Lemophagus
will continue to increase in the northern ar-

eas of distribution of C. asparagi in North

America.
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^i5/rac/. — Afrotropical beach flies of the tribe Canacini and subfamily Nocticanacinae

are reviewed. Included are 3 species in Canace Haliday, 6 in Nocticanace Malloch, and

5 species in Procanace Hendel. Four new species are described: Canace zvuv (Limbe,

Cameroon), Nocticanace littorea (Takaungu, 50 km N Mombasa, Kenya), Procanace can-

zonerii (Limbe and Kribi, Cameroon), and Procanace pninae (Takaungu, 50 km N Mom-
basa, Kenya). One synonymy is proposed: Procanace fluvialis Canzoneri, 1987 = Pro-

canace grisescens Hendel, 1913. Diagnoses are provided for species groups and genera

that include new species to facilitate their recognition.

Key Words: Canacidae (Canacini, Nocticanacinae), beach flies, Afrotropical Region,

taxonomic review

Recent collecting in Cameroon and Ke-

nya has resulted in specimens of the dip-

terous family Canacidae that are new or lit-

tle known from the Afrotropical Region.

This paper reports the study of this material

within the context of a review of the tribe

Canacini (subfamily Canacinae) and the

subfamily Nocticanacinae from the Afro-

tropical Region. All of the new species de-

scribed herein belong to genera that are in-

cluded in Canacini or Nocticanacinae, and
the latter has never been treated compre-

hensively except for a listing of species in

the recent catalog of Afrotropical Diptera

(Cogan 1980). Since publication of this cat-

alog, additional Afrotropical species have

been added to Canacini (Canzoneri 1981,

1982) and Nocticanacinae (Canzoneri 1987,

Canzoneri and Raff'one 1987, Mathis
1988b). This treatment of Canacini and
Nocticanacinae completes review of all

known species of Afrotropical beach flies.

Previously, Mathis (1982a) reviewed the

tribe Dynomiellini (subfamily Canacinae),

the only other tribe of beach flies known to

occur in the Afrotropical Region.

For each genus and species that is re-

viewed, a synonymy, the known distribu-

tion, including detailed information on the

type locality, the depository of the primary

types, and a remarks section, as appropriate,

are provided. In the synonymies, only lit-

erature that is pertinent to the Afrotropical

Region or the taxons' nomenclatural history

is cited. For new species, a more complete

description is provided, including diagnoses

of appropriate species groups and genera.

The species groups that are recognized for

the genera Nocticanace and Procanace are

not necessarily monophyletic assemblages

and are used primarily to conveniently di-

vide the genera into manageable units and

to facilitate their identification. Their char-

acterization and species composition may
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change as a result of revisionary studies.

The descriptive format for the new species

follows Mathis and Wirth (1979) and Ma-
this (1982a, 1988a). More details concern-

ing the morphology and higher classifica-

tion of Canacidae are found in Mathis

(1982a) and Wirth (1987).

Two venational ratios are used in the de-

scriptions. Costal Vein Ratio: The straight

line distance between the apices ofR2+3 and

R4+5/distance between the apices of R, and

R2+3. M Vein Ratio: The straight line dis-

tance along vein M between crossveins (dm-

cu and r-m)/distance apicad of dm-cu.

Amnon Freidberg and Fini Kaplan, Tel-

Aviv University (TAU), Israel, collected the

specimens from Cameroon, Kenya, and Ni-

geria, and these collections are deposited in

TAU and the National Museum of Natural

History (USNM), Smithsonian Institution.

Acronyms of other institutions, primarily

those where primary types are deposited,

are as follows: DCSA (Dipterorum CoUec-

tionis Strobl, Admont, Austria), BBM
(Bemice P. Bishop Museum, Honolulu, Ha-
waii), BMNH (British Museum (Natural

History), London), HUS (Hokkaido Uni-

versity, Sapporo, Japan), MCV (Museo Ci-

vico di Storia Naturale di Venezia, Italy),

MNHN (Museum National d'Histoire Na-
turelle, Paris, France), NMW (Naturhisto-

risches Museum, Wien, Austria), TMC
(Transvaal Museum Collection, Pretoria,

South Africa), ZMA (Instituut voor Tax-

onomische Zoologie, Zoologisch Museum,
Universiteit van Amsterdam, Nether-

lands).

Annotated Key to Subfamilies,

Tribes, and Genera of

Afrotropical Canacidae

1 . Lateroclinate fronto-orbital setae 3 and katepi-

stemal seta usually present (lacking in the gri-

sescens group of Procanace); lamella of 9 ter-

minalia bearing 2 large setae, one apical the

other subapical, each rather bluntly rounded

(Subfamily Nocticanacinae) 2

- Lateroclinate fronto-orbital setae either 4 or

more, or 3 and with katepistemal seta lacking;

lamella of 2 terminalia with 1 large, apical seta,

this usually acutely pointed (Subfamily Cana-

cinae) 3

2. Intrafrontal setae absent, although anterior Vz

of frons occasionally with scattered setulae . .

Procanace Hendel

[6 species in the Afrotropical Region]

- One or 2 intrafrontal setae in addition to setu-

lae, if any Nocticanace Malloch

[6 species in the Afrotropical Region]

3. Lateroclinate fronto-orbital setae 3; katepister-

nal seta lacking (Tribe Canacini)

Canace Haliday

[3 species in the Afrotropical Region]

- Lateroclinate fronto-orbital setae 4 or more;

katepistemal seta sometimes present (Tribe

Dynomiellini) 4

4. Katepistemal seta present, sometimes pale .

.

Isocanace Mathis

[3 species in the Afrotropical Region;

Mathis, 1982a: 11-20]

- Katepistemal seta absent 5

5. Anterior notopleural seta lacking; lateral scu-

tellar setae 1 pair Trichocanace Wirth

[1 species in the Afrotropical Region,

T. sinensis Wirth; Madagascar;

Mathis, 1982a: 22]

- Anterior notopleural seta present; lateral scu-

tellar setae 2 pairs 6

6. Vein M with last section arcuate; mesofrons

uniformly and densely setulose; fronto-orbital

setae 4-6; setae in general pale

Xanthocanace Hendel

[1 species in the Afrotropical Region,

X. capensis Wirth; South Africa;

Mathis, 1982a: 24]

- Vein M with last section more or less straight,

not distinctly arcuate; mesofrons with bare ar-

eas, not densely setulose; fronto-orbital setae

4; setae in general dark colored

Dynomiella Giordani Soika

[4 species in the Afrotropical Region

(South Africa or Namibia);

Mathis, 1982a: 9-11]

Subfamily Canacinae
Tribe Canacini

Genus Canace Haliday

Ca^ac^ Haliday, in Curtis, 1837: 281 [pub-

lished in synonymy; first made available

by use in Haliday, 1839: 41 1]. Type spe-

cies: Ephydra nasica Haliday, 1839, by

subsequent monotypy (Haliday, 1839:

411). -Mathis, 1982b: 58 [revision, figs,

of heads and 6 and 2 terminalia].
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Diagnosis.— //^a<i; Mesofrons with 1-4

marginal, generally proclinate setae; post-

ocellar setae, 1 pair, large (subequal in size

to ocellar setae), divergent (with same ori-

entation as ocellar setae); mesofrons densely

microtomentose, usually appearing dull,

vestiture not markedly differentiated from

that of parafrons; large, lateroclinate, fron-

to-orbital setae 3; arista with branching hairs

short, not longer than basal aristal width,

and extended nearly to tip; large, anaclinate,

genal setae 2-4; large, anteroclinate, genal

setae 1-2; eye longer than high.

Thorax: Dorsocentral setae 4 (1 + 3);

acrostichal setulae generally evident as 2

rows though setulae sometimes weakly de-

veloped or with additional setae between

acrostichal and dorsocentral setae anteri-

orly; prescutellar acrostichal setae well de-

veloped; supra-alar setae 1 (posterior); scu-

tellum usually with sparse discal setulae and

2 pairs of lateral setae; notopleural setae 2;

anepistemum usually with 2 large setae of

subequal length along posterior margin, oc-

casionally 3, also with a distinctive, anacli-

nate seta inserted near posterodorsal angle;

both proepistemum and proepimeron bear-

ing a seta; katepistemum lacking a large seta,

although usually with some setulae, es-

pecially toward ventral margin. Apical sec-

tion of vein M straight. Femora dark col-

ored; fore femur subequal in size to middle

and hind femora, bearing 3-5 long, slender,

posteroventral setae, but lacking short, stout,

anteroventral setae; hind tibia lacking an

anteroventral, spinelike seta apically.

Abdomen: Male terminalia: Surstylus in

lateral view with fingerlike, ventral projec-

tion and frequently with an enlarged, pos-

teroventral process. Female genital lamellae

slender, terminal setae long, slender, usually

acutely pointed.

Discussion.— Canace is an Old-World ge-

nus and is only known to occur along the

coasts of the North Sea and north Atlantic,

the Mediterranean Sea, and west Africa

(south Atlantic coast).

We have collected larvae and reared adults

of C. salonitana. The larvae occurred on the

protected sides of large rocks along the coast

of the Mediterranean Sea in Israel. The
rocks, to varying degrees, were covered with

algae, which is probably the food source for

both larvae and adults.

The key includes all known species of

Canace, as all but two of these, C. saloni-

tana (Mediterranean) and C. actites (Canary

and Madeira islands), are now known from

the Afrotropical Region.

Key to Species of Canace

1

.

Gena with 1>-A large, anaclinate setae below eye

2

- Gena with 2 large, anaclinate setae below eye

3

2. Posterior process of surstylus robust, slightly

enlarged subapically C. nasica (Haliday)

- Posterior process of surstylus generally thinner

and gradually becoming narrower toward apex

C. rossii Canzoneri

3. Mesofrons with 3^ pairs of proclinate setae

inserted along margin anterior of median ocel-

lus; anterior acrostichal setae well developed,

conspicuous; larger species, length 2.5 to 3.3

mm C salonitana Strobl

- Mesofrons with 1-2 pairs of proclinate setae

inserted along margin; anterior acrostichal se-

tae weak, inconspicuous, smaller species, length

1.5 to 3.1 mm 4

4. Mesofrons with 2 pairs of proclinate setae, pos-

terior seta inserted about in line with posterior

ocelli, anterior seta inserted in line with median

ocellus; anterior margin ofgena bearing 2 large,

anteroclinate setae C. rvwv, new species

- Mesofrons with 1 pair of proclinate setae, these

inserted in line with median ocellus; anterior

margin of gena bearing 1 large, anteroclinate

seta C. actites Mathis

Canace nasica (Haliday)

Fig. 1

Ephydra (Canace) nasica Haliday, 1839:

411.

Canace nasica. — Loew, 1860: 29 [generic

combination, review].— Frey, 1958: 48

[Hst, Cape Verde Islands]. -Cogan, 1980:

694 [Afrotropical catalog].— Canzoneri,

1981: 216 [list, Senegal]. -Mathis, 1982b:

60 [revision, figs, of head, S and 9 ter-

minalia].



VOLUME 93, NUMBER 1 73

Figs. 1, 2. Posterior surstylar process. 1, Canace

nasica. lateral view; 2, Canace rossii, lateral view. Scale

bar equals 0.1 mm.

Distribution.— Afrotropical: Cape Verde

Islands (Frey 1958), and Senegal (Dakar,

N'Gor; Canzoneri 1981). Palearctic: Coast

of the North Sea, Mediterranean, and is-

lands ofeastern Atlantic Ocean (Azores, Ca-

nary Islands, and Madeira Islands).

Type material.— Primary types apparent-

ly lost (see Mathis 1982b: 60).

Remarks.— Specimens from the two Af-

rotropical localities noted above (Cape

Verde Islands and coast of Senegal) have

not been examined, and their identity re-

mains unconfirmed. We would not be sur-

prised to discover that the Afrotropical

specimens are representatives of C rossii.

Comparison ofC nasica (two sites in En-

gland) and a paratopotype of C. rossii re-

vealed slight differences in the shape of the

male terminalia, especially the posterior

surstylar process (Figs. 1 , 2). This process,

in specimens from England (and presum-

ably from Ireland, the type locality of this

species), is slightly more robust than in spec-

imens from Sierra Leone and has a slight,

subapical swelling. We also studied speci-

mens from Cameroon and found the pos-

terior process to be very similar to that from

Sierra Leone. Although the differences are

slight, they are consistent in the sampling

we were able to study, and we have elected

to recognize the variation between popu-

lations from northern European and those

from western Africa as interspecific. Much
better sampling from several sites between

these rather disjunct localities is needed to

test this hypothesis further, specifically

whether the variation is intraspecific, per-

haps clinal, or whether the differences we
found are consistent and represent indepen-

dent lineages.

Canace rossii Canzoneri

Fig. 2

Canace rossii C2inzonQn, 1982: 61.

Distribution.— Sierra Leone, Western

Area, Freetown (Lumley Beach di fronte a

Juba.) and Cameroon (Kribi).

Type material.— Holotype 5, MCV.
Remarks.— See our comments under the

"Remarks" section of the previous species.

Canace zvuv Mathis and Freidberg,

New Species

Figs. 3-12

Description.— Small to moderately small

beach flies, length 1.80 to 2.20 mm; mostly

dark colored, brown to grayish brown.

Head (Figs. 3-8): Eye with oblique ori-

entation; anterodorsal portion of head, near

juncture with antenna, less protrudent or

angulate; frons with mesofrons and fronto-

orbits similar, dark brown with some bronz-

ish tinges, contrasted with charcoal-colored,

dull parafrons; frons bearing 2 large, mar-

ginal setae and 1 anterior setula (less than

V2 length of larger setae), 2 larger setae in-

serted more or less in line with posterior

ocelli (posterior seta) and median ocellus

(anterior seta), setula inserted between an-

terior margin of frons and median ocellus;

gena with 2 subequal, anaclinate setae just

below the eye and 2 anteroclinate setae to-

ward the anterior margin, one seta inserted

at anterior margin, the other slightly pos-

teroventrad; face and gena silvery gray.

Thorax (Figs. 9-11): Acrostichal setulae

sparse and mostly weakly developed, oc-

casionally with a few larger setulae; disc of

scutellum either bare of setulae or with 1-

2. Wing with costal vein ratio averaging 0. 1 0;

vein M ratio averaging 0.62.
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Figs. 3-1 1. Scanning electron stereuniRrugraphs ol' Cutiacc :vuv. 3, Head, lateral view; 4, Gena and setae,

lateral view; 5, Antenna, lateral view; 6, Frons, dorsoblique view; 7, Ocellar triangle and setae, dorsoblique

view; 8, Fronto-orbits and setae, dorsal view; 9, Mesonotum, dorsal view; 10, Notopleuron and setae, lateral

view; 1 1 , Kalepislemum and setulae, lateral view.

Abdomen: Male terminalia (Fig. 1 2): Sur-

stylus broadly L-shaped and with an an-

teroventral, fingerlike process; anterior

margin of surstylus just below midheight

bearing several longer setulae.

Type material—The holotype male is la-

beled "CAMEROON Limbe (shore) 14-

15.XI[Nov].1987 A. FREIDBERG." The

allotype female and paratypes {5 6, 14 9;

TAU, USNM) bear the same locality data
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as the holotype; Fini Kaplan, Tel-Aviv Uni-

versity, was the collector of six ofthe female

paratypes. The holotype is double mounted
(minute nadel in a polyporus block), is in

excellent condition, and is deposited in the

USNM.
Natural history. —The type series was col-

lected along the coast of Cameroon at a site

just west of Limbe. The site was a polluted

(tar), sandy beach with large, flat rocks

among small, intertidal pools. The large

rocks extended onto the sandy shore. The
flies were collected by sweeping an aerial

net against or just above the rocks.

Etymology.—The specific epithet, zvuv, is

a noun in apposition and is the transliter-

ation of a Hebrew noun from the Bible

meaning fly and is so named to recognize

the collecting efforts of Israeli entomolo-

gists, who collected the type series.

Remarks.— Externally this species is sim-

ilar to C. actites and C. salonitana but differs

in the number and orientation of setae on

the mesofrons and gena. The shape of the

male terminalia also differs, especially that

of the surstylus, which is broadly L-shaped

as in C salonitana but bears an anteroven-

tral, rather sharply pointed process (the pro-

cess is bluntly rounded in C. salonitana and

has a more ventral orientation).

Subfamily Nocticanacinae

Genus nocticanace Malloch

Nocticanace Malloch, 1933: 4. Type spe-

cies: N. peculiaris Malloch, by original

designation.— Mathis, 1989: 594 [key to

species groups].

Diagnosis. — Small to medium-sized
beach flies, length 1.8 to 3.7 mm; general

coloration grayish black.

Head: Intrafrontal setae 1 pair; postocellar

setae either absent or much reduced, less than

'/4 length of ocellar setae; ocelli arranged to

form an isosceles triangle, distance between

posterior ocelli greater than that between ei-

ther posterior ocellus and the anterior ocel-

lus. Lower facial margin sinuate; clypeus low.

-^^
12

Fig. 12. Ca/7acervMV'. Male terminalia (epandrium,

cerci, and surstylus), lateral view. Scale bar equals 0.

1

mm.

width subequal to length of antenna. Two
large anaclinate genal setae; anteroclinate

genal seta moderately well developed, at least

Vi length of larger anaclinate genal setae. Pal-

pus grayish black, bearing 1 to several long

setae, each seta 2 to 3 times as long as greatest

width of palpus.

Thorax: Anepisternum with scattered

setulae; proepistemal seta absent; katepis-

temal seta present, well developed. Legs en-

tirely dark colored, grayish black; fore fe-

mur bearing 4-6 long and evenly spaced

setae along posteroventral margin, length of

setae at least equal to and usually greater

than width of femur.

Discussion. — The species-group key,

which follows, is essentially that of Mathis

( 1989) but with minor changes. In preparing

the key, one of us (WNM) examined most

species of the genus. The key, however,

should still be considered preliminary, and

we invite the critique and comment ofusers.

The Afrotropical species all belong to the

pacifica group, which is distinguished from

other species groups by the characters out-

lined in the species-group key and diagnosis

that follow.

Annotated Key to Species

Groups of the Genus Nocticanace

1 . Anterior notopleural seta absent 2

- Anterior notopleural seta present 3
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2. Apical scutellar setae distinctly curved anacli-

nate the pacifica group

[20 species; Old World,

Pacific and Indian Oceans,

especially Oceania]

- Apical scutellar setae straight to very slightly

curved the texensis group

[3 species; Caribbean, Gulf of Mexico.

Atlantic coast of southeastern

United States; revised by

Mathis 1989: 594-599]

3. Length of apical section of vein CuA, twice or

more length of crossvein dm-cu

the galapagos group

[8 species; Galapagos Islands and

southwestern North America]

- Length of apical section of vein CuA, subequal

to length of crossvein dm-cu 4

4. Apical scutellar setae distinctly anaclinate .

.

the ashlocki group

[1 species, A^. ashlocki Wirth;

Galapagos Islands]

- Apical scutellar setae not anaclinate

the chilensis group

[ 1 species, A^. chilensis (Cresson); Chile

(there are numerous undescribed

species in this group)]

The pacifica Group

Diagnosis.— Coloration generally dark,

grayish brown to grayish black but with ex-

ceptions (TV. flavipalpis and N. littorea) that

are lighter, with some tan coloration on the

body and legs extensively yellowish.

Thorax: Acrostichal setulae absent; apical

scutellar setae distinctly anaclinate; anterior

notopleural seta absent; proepistemal seta(e)

present; anepisternum with scattered setu-

lae; katepistemal seta present. Legs usually

entirely dark, grayish brown to black (A^.

flavipalpis and N. littorea are exceptions with

legs that are mostly yellowish); fore femur
with 4-6 long and evenly spaced setae along

posteroventral margin, length greater than

width of femur; midfemur of male lacking

a comblike row of setae; hindtibia lacking

spinelike setae apically. Wing with length of

apical section of vein CuA, long, about twice

length of crossvein dm-cu; vein IVI index

0.44.

Key TO Afrotropical Species of
THE PACIFICA GrOUP OF

NOCTICANACE

1. Tarsi, apices of tibiae, femora, and palpus yel-

lowish 2

- Legs and palpus entirely dark colored, mostly

gray to blackish gray 3

2. Posterior surstylar lobe less broadly developed,

median portion narrower than digitiform apex

A^. flavipalpis Mathis and Wirth
- Posterior surstylar lobe more broadly devel-

oped (Fig. 1 3), median portion wider than dig-

itiform apex A^. littorea, new species

3. Granitic Seychelles A^. mahensis (Lamb)
- Malagasy subregion, Aldabra, Kenya, and South

Africa 4

4. Dark coloration of scutum extended ventrally

no farther than dorsal halfofnotopleuron, ven-

tral portion whitish gray

A^. cyclura Mathis and Wirth
- Dark grayish-brown coloration of scutum ex-

tended ventrally at least to dorsal halfofanepi-

stemum 5

5. Surstylus emarginate ventrally, not deeply cleft,

single lobe becoming wider ventrally to subapi-

cal widest point, thereafter narrowed gradually

to broad, emarginate, ventral margin

N. actites Mathis and Wirth
- Surstylus deeply cleft ventrally, posterior lobe

slender, digitiform, width less than half ante-

rior lobe, pointed apically; anterior lobe broad,

parallel sided, broadly rounded apically ....

A^. caffraria (Cresson)

Nocticanace actites

Mathis and Wirth

Nocticanace actites IVIathis and Wirth, 1979:

790. -Mathis, 1988b: 24 [Ust, Aldabra (?

identification)].

Distribution.— Madagascar. Fenerive (on

beach). Est: dct Mananara, Ivontaka (1 5 m).

Seychelles. Aldabra (Malabar: Passe Hou-
areau; Picard: Settlement).

Type material.— Holotype 3, MNHN.

Nocticanace caffraria (Cresson)

Canaceoides caffraria Cresson, 1934: 222.

Nocticanace caffraria.— yvirth, 1951: 273

[revision, generic combination]; 1956: 51

[review].— Cogan, 1980: 694 [Afrotropi-

cal catalog].

Distribution.— South Africa. Cape Prov-
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ince: East London, Plettenberg. Natal Prov-

ince: Umkomaas (beach).

Type material.— Holotype S, TMC.

Nocticanace cyclura

Mathis and Wirth

Nocticanace cyclura Mathis and Wirth,

1979: 791.

Distribution.— Madagascar. Sud-Est: dct

Fort-Dauphin, Sainte-Luce (10 m); Fene-

rive (on beach).

Type material.— Holotype 6, MNHN.

Nocticanace flavipalpis

Mathis and Wirth

Nocticanace flavipalpis Mathis and Wirth,

1979: 792. -Mathis, 1988b: 23 [list, Al-

dabra, Cosmoledo].

Distribution. — Madagascar. Est: dct

Mananara, Ivontaka (15 m); Seychelles: Al-

dabra (Grande Terre: Dune Jean-Luis),

Cosmoledo (Menai Island: Station),

Type material.— Holotype $, MNHN.

Nocticanace littorea

Mathis and Freidberg,

New Species

Fig. 13

Description. —A small, light-colored,

beach-fly species of the pacifica group (see

key to species groups), length 1 .7 to 1 .9 mm.
Head: Grayish coloration offace and gena

lighter, mostly whitish gray. Palpus yellow-

ish.

Thorax: Brown coloration of mesonotum
extended laterally and ventrally to about

dorsum ofnotopleuron, thereafter gradually

becoming more whitish gray with some very

faint greenish tinges. Pleural areas mostly

whitish gray. Legs concolorous, mostly yel-

lowish; dorsum of femur and to a lesser ex-

tent tibia somewhat microtomentose, light-

ly grayish.

Abdomen: Dorsum mostly grayish; me-
dian portion of each tergum with some
brownish-purple coloration, lateral margins

often faintly bluish gray. Male terminalia

Fig. 13. Nocticanace littorea. Male terminalia

(epandrium, cerci, and surstylus), lateral view. Scale

bar equals 0.1 mm.

(Fig. 13): Surstylus deeply cleft ventrally,

with a distinct anterior and posterior lobe;

anterior lobe moderately slender and long,

medial surface bearing numerous, short,

stout setae on ventral half; posterior lobe

with median portion conspicuously swollen

before much more narrowed apex, antero-

ventral margin, especially medial aspect,

bearing 5-6 stout setae.

Type material.— Holotype 3 is labeled

"KENYA Takaungu, 50 Km North Mom-
basa 3. XIL 1989 [3 Dec 1989] A. FREID-
BERG & FINI KAPLAN." Five paratypes

(2 (5, 3 9; USNM) bear the same label data

as the holotype. The holotype is double

mounted (minute nadel in a plastic block),

is in good condition (slightly teneral), and

is deposited in the USNM.
Natural history.—The type locality is a

wooded estuary, known by the inhabitants

of the village as "The Creek," which is

drained of sea water during low tide. During

high tide the shore is a mixture of sand with

small stones. Beach and shore flies were

abundant along the high-water line and on

an artificial wall, which was nearby.

Etymology.—The species epithet, litto-
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rea, is a Latin adjective, meaning "pertain-

ing to the seashore," and its usage here al-

ludes to the habitat where this species was

collected.

Remarks.— This species is very similar to

A^. flavipalpis and the two are distinguished

from other Afrotropical congeners by the

yellowish palpus, front trochanter, tarsi and

apex of femora, particularly the ventral sur-

face of the latter; brown coloration ofmeso-

notum extended lateroventrally no farther

than dorsal angle of notopleuron; surstylus

deeply cleft ventrally, forming a distinct an-

terior and posterior lobe; posterior lobe, in

lateral view with apex digitiform; anterior

lobe in lateral view more or less parallel

sided ventrally, median surface bearing nu-

merous spinelike setulae. This species is dis-

tinguished from C. flavipalpis by the shape

of the surstylar lobes: posterior lobe more
broadly developed in lateral view, appear-

ing conspicuously swollen subapically; an-

terior lobe more slender, appearing longer.

Nocticanace mahensis (Lamb)

Canace mahensis Lamb, 1912: 328.

Nocticanace mahensis.— WirXh, 1951: 274

[generic combination]. — Cogan, 1980:

694 [catalog]. -Mathis, 1982c: 423 [re-

view, figs, of 3 terminalia]. — Mathis,

1988b: 23 [list, Mahe].

Distribution.— Seychelles. Mahe: Long
Island; Anse aux Pins, Anse Royale Bay,

Anse Takamaka, Bel Ombre, Coevity,

Machabee, Port Launay.

Type material.— Holotype $, BMNH.

Genus Procanace Hendel

Procanace Htndd,, 1913: 93. Type species:

Procanace grisescens Hendel, by original

designation].— Mathis and Wirth, 1979:

794 [diagnosis and discussion].— Mathis,

1988a: 330 [diagnosis and key to species

groups].

Diagnosis.— General coloration whitish

gray, olivaceous, to blackish brown.

Head: Intrafrontal setae absent, but with

a few setulae inserted anteriorly; fronto-or-

bital setae 3; ocelli arranged to form equi-

lateral or isosceles triangle, if isosceles, the

greater distance is between posterior ocelli.

Arista bearing tiny hairs over entire length,

appearing macropubescent. Large anacli-

nate genal setae 2; anteroclinate genal seta

moderately well developed. Palpus not

bearing long setae. Lower facial margin, in

lateral view, more or less horizontal.

Thorax: Acrostichal setae usually lacking

(setulae present in species of the williamsi

group); scutellar disc lacking setae (1-2 pairs

of scutellar disc setulae occur in P. naka-

zatoi Miyagi of the williamsi group); mar-

ginal scutellar setae 2, apical pair not ana-

clinate; supra-alar seta 1 (posterior); anterior

and posterior notopleural setae present,

length subequal; anepistemum with scat-

tered setulae and 1 large seta along the pos-

terior margin, lacking a prominent, anacli-

nate seta inserted near posterodorsal angle.

Katepistemal seta usually present (lacking

in species of the grisescens group). Apical

section of vein M straight. Femora pale col-

ored (dark colored in some species groups);

fore femur subequal in size to middle and

hind femora, lacking posteroventral setae;

hind tibia lacking spinelike setae apically.

Abdomen: Male terminalia as follows:

Epandrium in posterior view wider than

high; cerci reduced, poorly sclerotized; sur-

stylus with an anterior and posterior lobe,

the latter larger, sometimes markedly so and

shape unique to species.

Discussion.—The Afrotropical species of

Procanace are assigned to two species

groups: the fulva group, with two species,

and the grisescens group, with three species.

These two groups are distinguished by the

characters outlined in the species-group key

and diagnosis, which follow.

Annotated Key to Species

Groups of Procanace Hendel

I. Katepistemal seta absent .... the grisescens group

[5 species; Oriental, eastern Palearctic,

Oceanian, Malagasy, Kenya, Seychelles]
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- Katepistemal seta present 2

2. Clypeus high, width about twice height; palpus

blackish brown; proepistemal seta absent . . .

the nigroviridis group

[7 species; Hawaiian Islands]

- Clypeus low, width at least 4 times height; pal-

pus yellowish; proepistemal seta(e) present ... 3

3. Acrostichal setulae present, in 2 irregular rows

the williamsi group

[4 species; Hawaiian and Ryukyu Islands]

- Acrostichal setulae absent 4

4. Postocellar setae either absent or much re-

duced the fulva group

[1 1 species; Oriental, eastern

Palearctic, and Afrotropical]

- Postocellar setae present, subequal to length of

ocellar seta the cressoni group

[3 species; Oriental, Nearctic]

The fulva Group

Diagnosis. — Generally whitish oliva-

ceous to brown.

Head: Postocellar setae either absent or

much reduced; ocelli arranged to form equi-

lateral triangle. Palpus yellow. Clypeus low,

height V3 to '/» width.

Thorax: Acrostichal setulae absent; pro-

epistemal seta(e) present; anepistemum with

scattered setulae; katepistemal seta present.

Femora and tibiae mostly yellowish but with

considerable grayish microtomentum; tarsi

yellowish, becoming darker apically; fore fe-

mur lacking long, evenly spaced setae along

posteroventral margin, length of setae that

are present equal or less than width of fe-

mur; middle femur of $ bearing comblike

sparse row of setae. Wing with apical section

of vein CuA, short, subequal to or slightly

longer than crossvein dm-cu; vein ]VI index

averaging 0.57.

Discussion.—The fulva group, as pres-

ently characterized, comprises 1 1 species

that occur on beaches around and within

the Pacific and now the Indian and Atlantic

Oceans. The specimens from Cameroon and

Kenya represent the first known departures

from the Australasian and Oceanian
Regions. Disjunct distributions sometimes
indicate that a taxon may be paraphyletic,

a possibility that should be considered when
this group is studied further.

Key to Afrotropical Species of
THE FULVA GrOUP

1. Legs entirely yellow except for apical 1-2 tar-

someres; male terminalia as in Figs. 25-26 . .

P. pninae, new species

- Legs mostly yellowish but with some oliva-

ceous coloration; male terminalia as in Figs.

23-24 P. canzonerii, new species

Procanace canzonerii

Mathis and Freidberg,

New Species

Figs. 14-24

Description.— Small to moderately small

beach flies, length 1.90 to 2.40 mm; thorax

and head generally brown to grayish brown

dorsally, becoming lighter ventrally, abdo-

men mostly gray to blackish gray.

Head (Figs. 14-19): Frons lacking a dif-

ferentiated mesofrons and parafrons, most-

ly appearing dull, grayish charcoal, with

some brownish coloration around anterior

margin of ocellar triangle and at anterior

margin; 2-6 setulae inserted between ocellar

triangle and anterior margin; postocellar

setae much reduced, at most V3 length of

ocellar setae; fronto-orbits slightly more
grayish, becoming whitish anterior of fron-

to-orbital setae. Scape and pedicel blackish;

1st flagellomere mostly blackish but dis-

tinctly yellowish orange basomedially. Face

and gena mostly whitish gray; parafacials

with some brownish to yellowish brown col-

oration adjacent to eye. Gena with 2 large,

anaclinate setae and 1 large, anteroclinate

seta; eye-to-cheek ratio averaging 0.35.

Thorax (Figs. 20-22): Third dorsocentral

seta inserted slightly medially from align-

ment of 2nd and 4th setae. Legs mostly yel-

lowish; femora and tibiae with whitish gray

microtomentum invested on anterior and

dorsal surfaces; apical 2-3 tarsomeres be-

coming darker brown; middle femur of male

with 4-5 black setae inserted posteroven-

trally about '/? from apex. Wing with costal

vein ratio averaging 0.21; vein M ratio av-

eraging 0.56.

Abdomen: IVIale terminalia (Figs. 23-24):
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Figs. 14-22. Scanning electron micrographs of Procanacc canzonehi. 14, Head, lateral view; 15, Gena and

setae, lateral view; 16, Antenna, lateral view; 17, Frons, dorsoblique view; 18, Ocellar triangle and setae,

dorsoblique view; 19, Fronto-orbits and setae, dorsal view; 20, Mesonotum, dorsal view; 21, Notopleuron and

setae, lateral view; 22, Katepistemum and setulae, lateral view.

Posterior surstylar lobe much larger than

anterior lobe, bluntly rounded ventrally and

bearing numerous setulae, many of which,

including those at distal half of lobe, longer

than lobe's width; anterior lobe less than Vi

width of posterior lobe, but slightly more

than Vi length, apex bearing several setulae.

Type material.—The holotype male is la-

beled "CAMEROON Limbe (shore) 14-

15.XI.[NOV]1987 A. FREIDBERG." The
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Figs. 23, 24. Male terminalia of Procanace canzonerii. 23, Epandrium, cerci, and surstyli, posterior view;

24, Epandrium, cercus, and anterior and posterior surstylar processes, lateral view. Scale bar equals 0. 1 mm.

allotype female and 66 paratypes (25 3, 41

9; TAU, USNM) bear the same locality data

as the holotype ( 1 2 specimens were collect-

ed by Fini Kaplan). An additional 32 para-

types (15 5, 17 9; TAU, USNM) are from:

Cameroon. Kribi (beach), route N7, 28-29

Nov 1987, A. Freidberg, F. Kaplan. The

holotype is double mounted (minute nadel

in polyporus block), is in excellent condi-

tion, and is deposited in the Smithsonian

Institution (USNM).
Natural history.—The specific habitat at

the type locality comprised fist-sized cobble

at the mouth of a river, which was in the

middle of Limbe. The cobble was largely

bare, perhaps scoured by floods, but some
algae was found on an adjacent site down-
stream. Although the cobble habitat ap-

peared relatively sterile, the flies were abun-

dant.

At Kribi, the habitat comprised a narrow

sand beach, which was margined by Ipo-

moea sp. (Ipomoeaceae), with occasional

concentrations of intertidal rocks, which was

where most of the flies were collected.

Etymology.—The specific epithet, can-

zonerii, is a patronym to honor Mr. Silvano

Canzoneri, who has contributed much to

our understanding of beach flies from the

Afrotropical Region.

Remarks.—The only other Afrotropical

species of the/w/v^z group is the next species,

which is also new. This species is distin-

guished by the slightly darker legs and the

shape of the male terminalia, especially the

more bluntly rounded posterior surstylar

process (lateral and posterior views).

Procanace pninae

Mathis and Freidberg,

New Species

Figs. 25, 26

Description.— Small beach flies, length

1.65 mm; thorax and head generally brown

to grayish brown dorsally, becoming lighter

ventrally, abdomen mostly gray to blackish

gray.

Head: Frons lacking a well-differentiated

mesofrons and parafrons, mostly microto-

mentose, appearing dull, gray, with some

yellow to brownish coloration at anterior 'A;

2-6 setulae inserted between ocellar triangle

and anterior margin; postocellar setae much
reduced, at most Vs length of ocellar setae;

fronto-orbits slightly lighter, more whitish,

becoming orangish at level of ptilinal su-

ture. Scape and pedicel blackish; 1 st flagel-

lomere mostly blackish but distinctly yel-

lowish orange basomedially. Face and gena

mostly whitish gray; parafacial with consid-
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Figs. 25, 26. Male terminalia of Procanace pnlnae. 25, Epandrium, cerci, and surstyli, posterior view; 26,

Epandrium, cercus, and anterior and posterior surstylar processes, lateral view. Figs. 27, 28. Male terminalia of

Procanace cogani. 27, Epandrium, cerci, and surstyli, posterior view; 28, Epandrium, cercus, and anterior and

posterior surstylar processes, lateral view. Scale bar equals 0.1 mm.

erable orangish to yellowish brown colora-

tion adjacent to eye. Gena with 2 large, ana-

clinate setae and 1 large, anteroclinate seta;

eye-to-cheek ratio averaging 0.32.

Thorax: Third dorsocentral seta inserted

slightly mediad from alignment of 2nd and

4th setae. Legs mostly yellowish; femora and

tibiae with whitish microtomentum thinly

invested on anterior and dorsal surfaces;

apical 2-3 tarsomeres becoming darker

brown; middle femur ofmale with 3-4 black

setae inserted posteroventrally about V3 from

apex. Wing with costal vein ratio 0.22; vein

M ratio 0.60.

Abdomen: Male terminalia (Figs. 25, 26):

Posterior surstylar lobe much larger than

anterior lobe, narrowed towards venter and

bearing numerous setulae; anterior lobe less

than Vi width of posterior lobe, but slightly

more than % length in lateral view, apex

slightly swollen and bearing several setulae.

Type material.—The holotype male is la-

beled "KENYA Takaungu, 50 Km North

Mombasa 3. XII. 1989 [3 Dec 1989] A.

FREIDBERG & FINI KAPLAN." The ho-

lotype is double mounted (minute nadel in

plastic block), is in good condition (the ab-

domen has been removed and dissected, the

parts are in an attached microvial, the legs

and wing on the right side have been re-
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moved and are glued to the plastic block),

and is deposited in the Smithsonian Insti-

tution (USNM).
Natural history.— See comments under

Nocticanace littorea.

Etymology.— The species epithet, pninae,

is a genitive patronym to recognize the sup-

port of Pnina Freidberg to her husband's

study of Diptera, especially his field work

in Africa and elsewhere.

Remarks.—The lighter colored legs, en-

tirely yellowish with a thin investment of

whitish microtomentum on the dorsum of

the femora, and the shape of the male ter-

minalia, especially the posterior surstylar

process (lateral and posterior views), distin-

guish this species from congeners.

The grisescens Group

Remarks.— Three species of the grises-

cens group are known to occur in the Af-

rotropical Region, and the characters to dis-

tinguish them are primarily the shape of the

male terminalia. These differences are often

subtle and difficult to use without access to

validly determined specimens for direct

comparison.

Key to the Afrotropical Species of

THE GRISESCENS GrOUP
(Males Only)

1. Anterior surstylar process distinctly curved

posteriorly in lateral view; posterior surstylar

process with apical 'A conspicuously tapered,

pointed apically; median margin ofepandrium

bearing several stout setae .... P. cogani Mathis

- Anterior surstylar process straight; posterior

surstylar process broadly produced apically, if

apical '/3 tapered, gradual; median margin of

epandrium with at most small setulae, no large

setae 2

2. Posterior surstylar process with apex distinctly

curved mediad (best seen in posterior view);

in lateral view this process is slightly angulate

sub-basally P. grisescens Hendel
- Posterior surstylar process with general ori-

entation of apex a continuation of basal por-

tion, not distinctly curved medially, in lateral

view this process tapered to pointed apex . . .

P. pauliani Mathis and Wirth

Procanace cogani Mathis

Figs. 27, 28

Procanace cogani Mathis, 1988b: 24 [figs,

of (3 terminalia].

Distribution. — Seychelles. Mahe: Anse
Aux Pins (beach).

Type material.— Holotype 3, USNM,

Procanace grisescens Hendel

Figs. 29, 30

Procanace grisescens Hendel, 1913: 93.—

Wirth, 1951: 258 [revision, figs, of <5 ter-

minalia].— Miyagi, 1965: 96 [revision,

figs, of <5 and 9 terminalia]; 1973: 82

[list].-Delfinado, 1970: 528 [Hst, New
Guinea, figs, of3 and 9 terminalia].— Can-

zoneri and Raffone, 1987: 75; Kenya.

Ukunda.

Procanace fluvialis Canzoneri, 1987: 95

[habitus fig.]. New Synonym.

Distribution.— Widespread in the Old

World tropics. Afrotropical: Kenya, Liberia

(Suakoko), Nigeria (Ile-Ife, Zaria), Sierra

Leone (Bathurst), Sudan (Khartoum, Nile

River), Zaire (Yangambi). Australasian/

Oceanian: Papua New Guinea, Yap Islands.

Oriental: Bangladesh, Japan (Ryukyu Is-

lands), Malaysia, Nepal, Taiwan (Anping,

Tainan), Thailand.

Type material.— Syntypes (many) 39 are

from Taiwan: Anping (September), and are

deposited in NMW.
The holotype <5 of P. fluvialis is from Su-

dan: Khartoum, Nile River, 2 December

1980, Rallo and is deposited in MCV.
Natural history.— This is one of the few

species of Canacidae that occurs in fresh-

water habitats, perhaps exclusively (all re-

corded localities for this species have not

been checked).

Remarks.—We directly compared speci-

mens of P. grisescens that were collected on

the Sauter expedition to Taiwan with the

holotype and other specimens oi P. fluvialis

and could not find differences to distinguish

them. We thus feel that the specimens stud-
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Figs. 29, 30. Male terminalia of Procanace grisescens. 29, Epandrium, cerci, and surstyli, posterior view;

30, Epandrium, cercus, and anterior and posterior surstylar processes, lateral view. Figs. 31, 32. Male terminalia

o{ Procanace pauliani. 31, Epandrium, cerci, and surstyli, posterior view; 32, Epandrium, cercus, and anterior

and posterior surstylar processes, lateral view. Scale bar equals 0.1 mm.

ied are conspecific, hence our synonymy of

the two names.

Procanace pauliani

Mathis and Wirth

Figs. 31, 32

Procanacepauliani Mathis and Wirth, 1979:

794.

Distribution.— Madagascar. Sud-Ouest:

dct Tulear, Saint-Augustin (6 m).

Type material.— Holotype 6, MNHN.
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KARYOTYPE AND NOTES ON THE MALE REPRODUCTIVE
SYSTEM AND NATURAL HISTORY OF THE HARVESTMAN
VONONES SA YI (SIMON) (OPILIONES, COSMETIDAE)

James C. Cokendolpher and Stanley R. Jones

(JCC) 2007 29th Street, Lubbock, Texas 7941 1; (SRJ) 102 Cathy Street, Elizabethtown,

Kentucky 42701.

Abstract.—The Texas Platycynorta transversalis is regarded as a junior synonym of V.

sayi. Karyotypes of male and female V. sayi from central Texas reveal 2n = 78. This

number is almost twice that previously reported for any other harvestman. The male

reproductive system of V. sayi is described and illustrated. Natural history data are

provided for egg laying and developmental times. The supercooling points ranged from
-2.5 to -7.2°C, with poor recovery and death following thawing.

Key Words: Karyotype, reproductive system, natural history, supercooling, overwin-

tering

The identification of the Cosmetidae of

the U.S.A. presents a difficult problem. How
much variation in a character constitutes a

different species? As presented in the liter-

ature, there is a maximum of five species in

the U.S.A.: Vonones sayi (Simon) in central

and eastern U.S.A. (type from Texas), Von-

ones bimaculata (Banks) from California

(correct locality?), Vonones ornata (Say)

from Florida and Georgia, Vonones dentica

(Walker) from Ohio, and Platycynorta

transversalis Roewer from Texas. Based on

the original description, Roewer's species is

a synonym of V. sayi. Goodnight and Good-
night (1953, 1973) treated all the eastern

U.S.A. populations as one species. From
our examination, we find that the abdom-
inal spines of V. ornata are always present

and consistently larger than the similarly

placed low tubercles in V. sayi. Even so,

doubt remains about the range and extent

of variation in the U.S.A. cosmetids. To
help resolve this problem we attempted to

karyotype Vonones from numerous locali-

ties in the U.S.A.

In addition to the karyological study, we
obtained biological data from captive spec-

imens. Little natural history data have been

published on the members of the exclu-

sively American family Cosmetidae. Only

a single note has been published on biology

oi Vonones {GoodmghX 1958): V. ''ornata''''

in Indiana. Three other reports have ap-

peared on biology of cosmetids: Juberthie

(1972) on Cynorta cubana (Banks) from

Cuba, Canals (1936) on Gyne orensis (So-

rensen) and Metalibitia paraguayensis (So-

rensen) from Argentina, and Goodnight and

Goodnight ( 1976) on Erginulus clavotibialis

(Pickard-Cambridge) from Belize.

Results and Discussion

Karyology. — Parthasarathy and Good-
night (1958) reported observations on the

genital morphology and karyotype of " Vo-

nones ornata (Wood)" from Indiana. Ob-
taining countable spreads of V. sayi chro-

mosomes proved quite difficult, a point not

noted by Parthasarathy and Goodnight. Be-

cause juveniles are very rarely seen, adults
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Fig. 1. Karyotype of male Vonones sayi from Kerr Co., Texas (2n = 78).

were the sole source of material for karyo-

typing.

During 1982 and 1983, V. ornata were

obtained from Florida whereas V. sayi were

collected from numerous localities in Texas,

Oklahoma, Nebraska (Jefferson Co.), and

Tennessee (Davidson Co.). Ovaries and tes-

tes were prepared for chromosomal obser-

vation during January-March, May, July,

October, and November. From these, only

seven cells from one male collected during

May resulted in observable (but not count-

able) individual chromosomes. Not until

1984 were we able to obtain living material

collected in the proper season, from which

we successfully karyotyped two males and

one female from central Texas, collected in

April.

Karyotypes using the gonads as the source

of cells are best obtained from subadult har-

vestmen. In our case, active gonadial cells

in adults were sought. From a series of an-

imals collected 6.4 km E of Kerrville, Ken-

Co., Texas, we prepared (following the air-

drying method ofCokendolpher and Brown
1985) five males and 1 1 females on 5 April.

A second series of animals from the same

locality was karyotyped on 1 7 May. All an-

imals had been dipped or injected with a

0.005% colchicine solution 24-40 hours

prior to karyotyping. Although several cells

from many slides were dividing, clear,

countable spreads were only obtained from

two males and a female from 5 April with

a 24 hour colchicine treatment. Good
spreads were only counted for one cell in

the female (2n = 78) and four cells for males

(n = 39, 2n = 78). Chromosomes were often

overlapping in spreads with only slightly

condensed chromosomes. Despite these dif-

ficulties, these spreads were used to verify

the chromosome morphologies observed in

more highly condensed plates. Altogether,

there were 38 pairs of submeta- and meta-

centric chromosomes and one pair (small-

est) in which the centromere could not be

detected (Fig. 1). No obvious sex chromo-

some could be determined by either mor-

phology or activity.

Our results are totally unlike those of Par-

thasarathy and Goodnight (1958). They re-

ported finding 2n = 24 + X in males. Be-

cause they used squash and sectioning

techniques, we assume they are in error. Not
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Fig. 2. Male genital system (minus penis) of Vonones

sayi. preserved in 80% ethanol, critical point dried,

gold coated, and then examined with a Scanning Elec-

tron Microscope (Hitachi model s-570). See Fig. 3 for

abbreviations.

only is their count much lower than ours,

but an XO-XX (male heterogametic) sex

determining system has never been verified

in any opilionid (Tsurusaki and Cokendol-

pher in press). Karyotyping additional males

from Indiana with an air-drying method will

be required to be certain.

The highest chromosome number pre-

viously recorded for Opiliones is 2n == 40
in Pseudohiantesjaponicus Hirst (Tsurusaki

1 986, Tsurusaki and Cokendolpher in press).

Although in different families, Vonones and
Pseudohiantes (Phalangodidae) are the only

members of the suborder Laniatores that

have been karyotyped.

Although we could not obtain chromo-
some counts for numerous populations of

Fig. 3. Diagrammatic view of Vonones sayi male

genital system. T = testis, VE = vasa efferens, VD =

vas deferens, SR = seminal reservoir, PO = propulsion

organ, P = penis, DE = ductus ejaculatorius, TR =

truncus, G = glans, AT = apophysis of truncus, AG =

apophysis of glans.

V. sayi, we did obtain what is probably the

first accurate count.

Male genital morphology.— While dis-

secting numerous males for this study and
that of Jones and Cokendolpher (1985), we
found the description and illustration of the

male reproductive system of Vonones pre-

sented by Parthasarathy and Goodnight

(1958) to be incorrect. They reported find-

ing a single testicle connected at one end by

a sperm duct to the vas deferens. As their

drawing has served as the standard for the

Cosmetidae (Suzuki 1966), we feel it desir-

able to re-illustrate the system in greater

detail. After careful dissection of living an-

imals, we find the reproductive system to

be similar to other harvestmen. Although

the vasa efferentia are small and difficult to

see, they are attached to both ends of the
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testis (Fig. 2). Other details are as in Fig. 3

(morphological nomenclature as in Juber-

thie 1965, Martens 1976, and Silhavy 1966).

Natural history.—We obtained data on

natural history while maintaining animals

in culture over several years. Based on our

studies, V. sayi spermatogenesis is most ac-

tive in April and May in central Texas, and

is the time period during which specimens

were collected for our previous paper on

spermatogenesis (Jones and Cokendolpher

1985). Similarly, peak egg laying occurs dur-

ing April. Based on cytological studies.

Goodnight (1958) reported V. "ornata'' in

Indiana must breed and lay eggs throughout

the summer months. Egg laying in Tropical

species is different with C. cubana laying

eggs year-round (Juberthie 1972), and E.

clavotibialis (Goodnight and Goodnight

1976) laying eggs during the rainy seasons

(May and December).

The juvenile stages ofC cubana last 4.5-

7 months at 20-25°C and E. clavotibialis

requires 121 days post-hatch (temperature

not reported, presumably 20-26°C as used

for eggs). The lengths of the juvenile stages

in V. sayi are unknown. Individual V. sayi

collected as adults have been held in cap-

tivity for over three years on a diet of dead

insects, live fruit flies, and fruits. Cynorta

cubana is recorded (Juberthie 1972) to live

2.5 years as an adult.

Because so little is known about juveniles

ofthe Cosmetidae, we here present our data.

Females of V. sayi, in captivity, lay eggs

during the winter. Several females collected

in Wichita Falls, north-central Texas, pro-

duced the following numbers of eggs: De-

cember (1 egg), February (2), March (32),

and April (50). These females were collected

during May of the previous year. Eggs are

laid singularly (usually only one per day)

and packed into crevices of moist wood.
The eggs are covered with small pieces of

wood and soil, presumably to hide them.

Covering eggs with debris is also reported

in C. cubana by Juberthie (1972) and as-

sorted cosmetids and gonyleptids by Canals

(1936). The actual egg laying process was

never observed. Egg development took 20-

38 days (n = 17). This range is obviously

influenced by temperature, which varied

greatly over the egg-laying period in an un-

heated room (about 5-20°C). Cynorta cu-

bana egg development lasts 16-27.5 days at

28-20°C, whereas E. clavotibialis lasts 13

and 23-27 days at 26 and 20°C. Because the

V. sayi eggs were camouflaged, some shorter

incubation times may be due to the fact that

they went undetected for some time. Of the

1 7 individuals which hatched only two pre-

sumably molted to the third instar (2nd

nymphal stage) (16 and 25 days) and the 16

day 3rd instar presumably molted to the 4th

instar (25 days later). As these individuals

died while still juveniles, the number of

molts to adulthood is unknown.

Although never observed in V. sayi, it is

assumed that the first instar (emerging lar-

va) molts immediately after leaving the egg

shell, as do C. cubana and E. clavotibialis.

No exuviae were recovered and instars were

determined by uneven jumps in body size.

Molting and hatching were not observed, so

the chewing ('eating') of the exuviae could

not be verified. Such behavior is known for

several cosmetids and gonyleptids (Canals

1936, Juberthie 1972) and postulated for E.

clavotibialis by Goodnight and Goodnight

(1976). The first instar or larva does not

have a tooth-like structure to aid in hatch-

ing. The absence of this egg-tooth is also

reported in the Gonyleptidae (Munoz Cue-

vas 1971). Such a tooth is also missing in a

drawing of the larva of E. clavotibialis

(Goodnight and Goodnight 1976).

Supercooling. —Cold-hardiness in arthro-

pods can be enhanced by: (1) cold-accli-

mation, (2) supercooling, and (3) freezing

tolerance. Preparation to avoid injury at

temperatures too low for continued growth

is referred to as cold-acclimation. Super-

cooling is the adaptation in which the freez-

ing point of body fluids is lowered. If an

animal can withstand freezing of body tis-

sues, it is considered to be freeze-tolerant.
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Because the supercooling point is the freez-

ing point, it is the lowest temperature sur-

vived by a freeze-intolerant species.

Vonones sayi is a member of the Cos-

metidae, a primarily Tropical American

family. Besides being the cosmetid with the

most northern distribution (reported as V.

''ornata" from Indiana by Goodnight 1958),

it has the distinction of having the largest

range (Indiana south to Florida, west to Ne-

braska and Texas in the U.S.A., and north-

em Mexico). Because adults are collected

throughout the year and juveniles are pres-

ent during winter in Texas, overwintering

for this species poses several problems. To
overwinter, these animals must either avoid

freezing (by cold-acclimation or supercool-

ing) or be freeze-tolerant.

Several animals from Kerr and Wichita

counties (central and northern), Texas, were

supercooled during 1981 (methods follow

Francke et al. 1986, except probe was at-

tached to abdomen with Vaseline on juve-

niles and taped to adults). Field observa-

tions revealed that these animals gather

under wood and logs helping to insulate the

animals from the winter cold. Two males

tested during early May had supercooling

points of -3.4 and -5.5°C. Immediate

thawing resulted in poor recovery, a lack of

ambulatory ability, and death by the third

day. Two second instars and one third instar

reared at room temperature were super-

cooled three days post-feeding. The second

instars supercooled to -7.0 and -7.2°C,

whereas the 3rd instar supercooled at

-3.5°C. Like the adults, poor recovery was

noted with death by the third day. Although

the sample sizes are small and our warming
periods were not timed (see Baust and Rojas

1985), the values obtained suggest that this

species supercools to avoid bodily freezing.

In February 1990, winter-collected adults

from Shelby County, eastern Texas, were

allowed to live in the laboratory at 24-26°C
for a week prior to further experiments. One
group of six adults (males and females) was
cooled (average rate 0.1°C/min) to -3.5°C

and a second group of six adults was cooled

(average rate 1 .25°C) to - 26°C for 36 hours.

Warming the animals (at approximately the

same rate as cooling) revealed: (1) none sur-

vived freezing to — 26°C, (2) two (male and

female) survived cooling to -3.5°C. The
survivors moved and fed normally for one

week, at which time their supercooling

points were determined to be —2.5 and

-5.0°C. Two females which had not been

previously frozen were also tested. Their su-

percooling points were -3.2 and -3.8°C.

As a large sample of animals was not avail-

able, the animals could not have been tested

at a variety of cooling and warming rates to

determine if there was an optimal rate (see

Baust and Rojas 1985). While the super-

cooling points were sufficient to protect an-

imals in Texas, another means would be

required for overwintering populations in

the northern U.S.A. Goodnight (1958) re-

ported that this species aggregates under piles

of logs or brush heaps with the coming of

fall and apparently disappears into the

ground to avoid winter cold. It is unknown
whether these animals remain relatively ac-

tive or diapause and to what depth they

retreat. If animals retreat deep into earth

cracks and holes, their supercooling points

would not have to be lower than the south-

em populations because of the warmer tem-

peratures.
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Abstract.—K new species of the doryctine braconid genus Allorhogas is described from

Brasil. Biological studies of this species suggest that it is phytophagous on tissue oflegume

seeds.

Key Words: Braconidae, Doryctinae, phytophagous

In 1986 several specimens of a doryctine

braconid were submitted for identification

by Margarete de Macedo and Richard Mon-
teiro, Universidade Federal do Rio de Ja-

neiro, Brasil. Biological information with

the specimens stated that they were reared

from legume seeds and were apparently

feeding on the seed tissue. I identified the

braconids as an undescribed species oi Al-

lorhogas Gahan. Although many specimens

of this genus have been reared from galls or

stems (Marsh 1979) or seeds (Whitehead

1975), it has usually been suspected they

attacked some sort of insect larva in these

plant tissues. Phytophagy had never been

reported, or even suspected, in Braconidae.

However, these researchers seemed to have

good evidence that the braconids were in-

deed feeding on the seed tissue and have

subsequently published preliminary results

of their studies on the biology ofthese wasps

(de Macedo and Monteiro 1989).

Most of the specimens of the genus Al-

lorhogas in the USNM collection, both de-

scribed and undescribed species, have long

ovipositors characteristic of the subfamily

Doryctinae and suggesting the need to pen-

etrate plant tissue to find host larvae. How-
ever, both A. muesebecki Guimaraes and

the new species described here have ex-

tremely short ovipositors which could in-

dicate they do not need to find a host deep

in plant tissue. Guimaraes (1957) states that

A. muesebecki was reared from plant galls

and concluded that, since this was the only

insect reared from the galls, the galls were

possibly induced by the wasp.

Although phytophagy has never been

found before in the Braconidae, it does oc-

cur sporadically in the Chalcidoidea (some

Eurytomidae, Torymidae and Eulophidae,

and all Tanaostigmatidae and Agaonidae).

Seeds are highly nutritious, and doryctine

braconids, as ectoparasites which usually

paralyze their hosts (idiobionts), could be

considered little more than specialized

Fig. 1. Allorhogas dyspistus, n. sp., fore and hind

wings.
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Figs. 2-8. AUorhogas dyspistus, n. sp.: 2, head and thorax, lateral view; 3, fore tibia; 4, propodeum, dorsal

view; 5, metasoma, lateral view of apex; 6, thorax, dorsal view; 7, mesonotum, dorsal view; 8, metasoma, dorsal

view.
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predators, so why not evolve to eat seed

tissue when insect hosts are not present? We
know very little about the biologies of Bra-

conidae which attack cryptic hosts in plant

tissue, particularly in the tropics, and al-

though it seems incredible at first, perhaps

the occurence of phytophagy is not that un-

reasonable. There are other doryctine gen-

era with species that have been reared from

seeds, e.g. Stenocorse and Heterospilus. The
two species of these genera associated with

seeds plus several undescribed neotropical

species of Heterospilis all have very short

ovipositors similar to the Allorhogas species

mentioned here. Clearly there need to be

more detailed studies of this phenomenon
and I hope that this paper and the study by

de Macedo and Monteiro will stimulate such

research.

Allorhogas dyspistus Marsh,
New Species

Female.— Body length, 3.5-4.0 mm; fore

wing length, 3.0 mm. Body color: honey
yellow; antennal flagellum, lateral faces of

scutellum, metanotum and basal-lateral ar-

eas of propodeum, ovipositor sheaths, hind

tarsus, spots at apex of first tergum, and
transverse stripe across middle of tergum

2 + 3 black; wing veins brown, stigma trans-

lucent. Head: antenna with 27-28 flagel-

lomeres; face weakly granulo-rugose with

smooth raised median area; frons, vertex

and temple granular; frons concave; malar

space % eye height; ocelli small, diameter

of lateral ocellus about '/, ocell-ocular dis-

tance. Thorax: propleuron (Fig. 2) rugose

with median longitudinal scrobiculate

groove; mesonotum (Fig. 2) sharply decli-

vous anteriorly, mesonotal lobes (Figs. 6, 7)

granular, middle lobe with scrobiculate

groove posteriorly which sometimes ex-

tends nearly to anterior edge, notauli scro-

biculate and meeting posteriorly in wide ru-

gose area; scutellum granular; mesopleuron
(Fig. 2) granular, subalar groove strongly

scrobiculate, sternaulus smooth; propo-
deum (Figs. 4, 6) rugose, with two weakly

granular or coriaceous semicircular areas

laterally at base. Metasoma: first tergum (Fig.

8) wider at apex than long, arched at base,

longitudinally striate, with two basal cari-

nae connected by cross carina near base;

tergum 2 + 3 longitudinally striate; fourth

tergum striate on basal half; remainder of

terga granular; ovipositor (Fig. 5) barely vis-

ible dorsally. Legs: fore tibia with row of

10-12 stout spines on anterior edge (Fig. 3).

Wings (Fig. 1): first and second segment of

radius in fore wing about equal in length;

postnervellus in hind wing strongly curved

toward wing apex.

Male.— Essentially as in female except

femora swollen, hind femur length only

slightly more than twice greatest width.

Holotype. — Female: BRASIL, Marica,

Rio de Janeiro; January 1986; ex seeds of

Pithecellobium tortum Mart. Deposited in

the U.S. National Museum, Washington,

D.C.

Paratypes.— 3 females, 8 males, same data

as holotype. Deposited in the U.S. National

Museum, the Canadian National Collec-

tion, Ottawa, and the Universidade Federal

do Rio de Janeiro, Brasil.

Etymology.—The specific name is from

the Greek dyspistos meaning "hard to be-

lieve, incredible," which refers to the phy-

tophagous behavior reported for this spe-

cies.

This species is similar to A. muesebecki

Guimaraes, also from Brasil, but is distin-

guished by its larger eyes and shorter malar

space; in dyspistus the malar space is % of

the eye height, in muesebecki it is nearly

equal to the eye height.
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Abstract. —Eurytoma tylodermatis Ashm. was found to be parasitic on Acanthoscelides

perforatus (Horn) in seed pods of Canada milk-vetch {Astragalus canadensis L.). Obser-

vations on larval behavior and frequency of parasitism are discussed. Male and female

genitalia of E. tylodermatis are illustrated.

Key Words: Acanthoscelides perforatus, Dinarmus acutus, Astragalus canadensis

Eurytoma tylodermatis Ashm. parasitizes

bruchid beetles and numerous other Cole-

optera throughout the eastern and central

United States (Burks 1979). Bugbee (1967)

listed 56 host species for E. tylodermatis,

many ofwhich are ofeconomic importance,

but cautioned that more exact determina-

tions of host relationships are needed. He
stated that the species can act as either a

primary or secondary parasite on beetles and

moths. Pierce (1908) regarded it as an im-

portant parasite of the cotton boll weevil

{Anthonomus grandis Boheman) in Texas,

and Ritcher (1936) recorded its parasitism

of the larger apple curculio {Tachypterellus

quadrigibbus magnus List) in Wisconsin.

This paper records a new host for E. ty-

lodermatis, presents descriptions of E. ty-

lodermatis male and female genitalia, and

describes observations and data regarding

larvae and adults of E. tylodermatis asso-

ciated with Canada milk-vetch in eastern

South Dakota.

Materials and Methods

In August 1988 and 1989 mature seed

pods (Fig. 1) of Canada milk-vetch were

collected from a field nursery at Brookings,

South Dakota and placed in 0.9-liter glass

jars (five to ten racemes per jar in ten jars)

in 1988 and 1.8-liter paper cartons (ten to

twenty racemes per carton in five cartons)

in 1989. Jars were sealed and maintained

at room temperature. Cartons were wrapped

with aluminum foil and fitted with a 5-ml

vial to serve as a trap (Fig. 2). Cartons were

placed on a shaded bench in a greenhouse.

Chalcids that emerged from pods in the jars

during fall of 1988 and bruchids that

emerged during spring of 1989 were re-

moved, identified, and counted in July 1 989.

Cartons were checked daily through Octo-

ber 1989 and chalcids trapped in the vials

were identified and counted.

In June 1989, green pods containing de-

veloping seeds were dissected in order to

make observations on chalcids parasitizing

A. perforatus larvae. Chalcid larvae found

parasitizing beetle larvae were placed in 5-ml

vials and observed daily until adults

emerged.

Genitalia were removed from ten females

and ten males of E. tylodermatis. Illustra-

tions were made for both sexes and data
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Fig. 1 . Pods ofCanada milk-vetch {Astragalus can-

adensis L.).

were recorded for number of rami spines

and eighth tergite setae of the females. Mor-

phological terminology is that of Snodgrass

(1941).

Results and Discussion

The following is a description of female

and male reproductive structures based on

the 20 adults obtained from laboratory rear-

ings.

Fetnale (Fig. 3): 2nd Valvifers (Vf2)

(semicircular sheaths) with two setae near

apodemes of laminated bridge (Lam. Br.);

ramus spines (Ra.Sp.) range from 23 to 35

on right valvifer (mean of 29.6 for 10 spec-

imens), and from 25 to 36 on left valvifer

Fig. 2. Paper carton rearing container.

(mean of 30.5 for 10 specimens); spines

widely spaced in laminated bridge region,

close together near fulcral plate region; ful-

cral plate (Ful.Pl.) attachment near notched

area (Ful.Pl.Not.) of fulcral plate; outer ovi-

positor plate (Ops.Ot.Pl.) fused with 8th ter-

gite (8-Teg.); 8th tergite with row of setae

(8-Teg.Set.) ranging from 41 to 51 (mean

of46. 3 for 10 specimens), setae count begins

with first seta anterior to cercus (Ce.); setae

single adjacent to cercus becoming paired

toward attachment of outer ovipositor plate

and fulcral plate; selal region plated, bor-

dered by dark line that divides fused outer

ovipositor plate into light and dark pig-

mented areas; apex of 8th tergite with series

of long setae similar in structure to other

8th tergite setae [these setae associated with

epipygium (Ep.)]; cercus with 5 setae of dif-

ferent sizes and shapes. Inner ovipositor

plate (Ops. In. PI.) separated from 2nd val-

vifers (Vf2) by darkened region that con-

nects apodemes of outer and inner rami and

the groove in which the fulcral plate fits

along with monitoring spines (rul.Pl.Sp.);

inner ovipositor plate with plated region ex-

tending to region offused ovipositor sheaths

(Ops.Sh.); ovipositor sheath not articulated,

containing the ovipositor sheath ligament

(Ops.Sh. Lg.) which connects sheaths in

which the ovipositor is held; ovipositor

sheaths lightly striated with typical series of

eurytomid setae at apex.
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Fig. 3. Ovipositor ofEurytoma tylodermatis Ashm.
Abbreviations: (Lam. Br.) Laminated bridge; (Ra.) Ra-

mus; (Ra.Sp.) Ramus spines; (Vf2) 2nd Valvifer (Semi-

circular sheet); (FuLPLSp.) Fulcral plate spines;

(Ful.Pl.Not.) Fulcral plate notch; (Ful.Pl.) Fulcral plate;

(Ops.In.Pl.) Ovipositor inner plate; (Ops.Ot.Pl.) Ovi-

positor outer plate; (Ops.Sh.Lg.) Ovipositor sheath lig-

ament; (8-Teg.) 8th tergite; (8-Teg.Set.) 8th tergite se-

tae; (Ops.Sh.) Ovipositor sheath; (Ce.) Cercus; (Ep.)

Epipygium.

Male (Figs. 4, 5): reproductive apparatus

with 4 dorsal aedeagal sensory pores

(Aeg.S.Por.); aedeagal striae (Aeg.Str.) ex-

tend from posterior aedeagal sensory pores

to beyond anterior aedeagal sensory pores;

aedeagal sensory pores may be paired or

staggered on dorsal surface ofaedeagus (Fig.

4); ventrally apex of aedeagus with five sen-

sory pores on each side; these smaller than

dorsal pores; aedeagus (Aed.) elongated ca-

pable ofextending beyond digiti (Dgi.); par-

ameres with three setae; apex setae normally

hidden between digiti and aedeagus; para-

mere plate setae (Par.Pl.Set.) located on out-

er margin ofcurved paramere plate (Par.Pl.);

posterior paramere plate setae longer and

larger than anterior paramere plate setae;

anterior paramere plate setae located adja-

cent to digiti apodemes (Dig.Apd.); apex se-

tae similar in size to latter paramere setae;

digiti with two finger-like teeth and a round-

ed projection; each digitus with two pores

on base; digital apodemes short (Fig. 5),

fused to aedeagal apodemes (Aeg.Apd.); ae-

deagal apodemes protrude from caulis (Ca.);

paramere plates (Par.Pl.) and Volsellar plates

(Vos.Pl.) fused to caulis with pigmentation

being darker on the sides of reproductive

apparatus and lighter in the center; caulis

forms opening below digiti in which aedea-

gal apodemes are connected to muscles of

the 8th tergite. There is a narrow nonpig-

mented membrane connecting the aedeagus

to the epipygium and 8th tergite. This mem-
brane is beset with small spine-like setae.

The membranous portion of this structure

surrounds the aedeagus and contains two

acorn-like setae. This structure is attached

to the aedeagus and apparently plays a role

in exsertion and retrieval of the entire male

reproductive apparatus as well as the ae-

deagus.

Parasitic Behavior

Information on behavior of E. tyloder-

matis larvae was obtained by splitting green,

well-developed seed pods along their septa

to expose seeds in the chambers of each of

the two locules. On July 18, 1988, we
observed a pinkish-white larva that was

feeding on an /I. perforatus larva. A grayish-

black, pubescent hatched egg, which resem-

bled E. tylodermatis eggs (Pierce 1 908), was

attached to the bruchid larva. The pod loc-

ule containing the parasitic larva and its host

was placed in a 5-ml vial and stored at

room temperature. Daily observations were

made and on July 22 the parasitic larva

crawled out of the locule, defecated, and

pupated. By July 26 the pupa had become
solid black except for prominent reddish-
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Aeg

__ParPI Set

Dgi

Par PI Set

Dgi Apd

F Par PI

.Vos PI

Aeg Apd

Figs. 4, 5. Male reproductive apparatus of Eurytoma tylodermatis Ashm., dorsal and ventral, respectively.

Abbreviations: (Aeg.) Aedeagus; (Par.Pl.Set.) Paramere plate setae; (Par.Pl.) Paramere plate; (Aeg.S.Por.) Ae-

deagal sensory pores; (Aeg.Str.) Aedeagal striae; (F.Par.Pl.) Fused paramere plate; (Ca.) Caulis; (Vos.Pl.) Volsellar

plate; (Aeg.Apd.) Aedeagal apodemes; (Dgi.) Digiti; (Dgi.Apd.) Digiti apodemes.

brown compound eyes. On July 30 an adult

female oi E. tylodermatis emerged and was

one of the ten females studied for the struc-

ture of the genitalia. These observations

made it possible to recognize E. tyloder-

matis larvae in subsequent pod dissections.

Numbers of adult E. tylodermatis and the

pteromalid Dinarmus acutus Thomson
reared from inflorescences of Canada milk-

vetch in 1988 and 1989 are presented in

Table 1 . Total numbers recorded of each

species were 68 and 1 12 for E. tylodermatis

and D. acutus, respectively. Male D. acutus

outnumbered females by 67% while females

of E. tylodermatis outnumbered males by

52%. The number of A. perforatus adults

reared in 1988 was 70, indicating that ap-

proximately 35 and 24% of the beetles were

parasitized by D. acutus and E. tyloder-

matis, respectively. Since D. acutus out-

numbered E. tylodermatis by approximate-

ly 50% in 1989 rearings, the pteromalid was

the more predominant parasite of A. per-

foratus in this study. These data agree close-

ly with a previous study on the effects of

parasitism by D. acutus on Canada milk-
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Table 1 . Numbers of parasitic chalcids reared from

Canada milk-vetch pods infested with the bruchid

Acanthoscelides perforatus.
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WITH A GRANDIS-TYV^ WING PATTERN
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Abstract.—K diagnostic key, illustrations, and descriptions are provided for grandis

(Macquart) and the five other species of Anastrepha with similar wing patterns: atrigona

Hendel, bezzii Lima (= balloui Stone, n. syn.), castilloi, n. sp., grandicula, n. sp., and

shannon! Stone. Phylogenetic relationships among these species are discussed. Anastrepha

bezzii is removed from the grandis species group, and bivittata (Macquart) andfumipennis

Lima are tentatively included. A lectotype is designated for grandis. The egg of shannon!

is briefly described. Host plant and distribution data are summarized.

Key Words: Anastrepha, grandis, descriptions, phylogeny

Resumen.— En este trabajo se presenta una clave, descripciones e ilustraciones de gran-

dis (Macquart) y otras cinco especies de Anastrepha con patrones de coloracion alar

semejantes: atrigona Hendel, bezzii Lima (= balloui Stone, syn. n.), castilloi, sp. n., gran-

dicula, sp. n., y shannoni Stone. Relacciones filogeneticas entre estas especies son discu-

tidas. Anastrepha bezzii se transfiere del grupo de especies "'grandis'\ y bivittata (Macquart)

y fumipennis Lima se incluyen tentativamente. Se designa un lectotipo de grandis. El

huevo de shannoni se describe brevemente. Los datos de plantas de alimentacion y de

distribucion son presentados.

Anastrepha grandis (Macquart) is a pest Materials and Methods
of the fruits of various native and intro-

j ^^u^^ ^j^^ morphological terminology
duced species ofCucurbitaceaem many ar-

^f McAlpine (1981) and White (1988), ex-
eas of South America (Norrbom and Kim

cept as noted in Norrbom and Kim (1988a).
1988b). It has recently received consider- Acronyms for institutions used in the text

able attention in regard to the extent to which ^^^ ^^ follows: AMNH- American Muse-
it attacks honeydew, a type ofmelon {Cucu- ^^ ofNatural History, New York; BMNH-
mis melo L.) that is grown commercially in British Museum (Natural Histor>'), London;
a number of Latin American countries CNC- Canadian National Collection, Ot-
(Harper 1987). In this paper, I describe two tawa; CMP-Camegie Museum of Natural

new species of Anastrepha with wing pat- History, Pittsburgh; CUI— Cornell Univer-

tems similar to ^ra«6^/5, and that might be sity, Ithaca; FMNH— Field Museum of

confused with it. I also discuss the relation- Natural History, Chicago; FSCA— Florida

ships among these species and those that State Collection ofArthropods, Gainesville;

Steyskal (1977) placed in the grandis species DEI— Institut fiir Pflanzenschutzforschung

group. der Akademie der Landwirtswissenschaf-
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ten, Eberswalde; ICA— Institute Colombi-

ano Agropecuario, Palmira and Medellin;

INPA— Institute Nacional de Pesquisas da

Amazonia, Manaus; INTA— Institute Na-

cional de Technologia Agropecuaria, Con-

cordia; LACM—Los Angeles County Mu-
seum of Natural History; MCZ— Museum
of Comparative Zoology, Harvard Univer-

sity, Cambridge; NMW— Naturhistorisches

Museum Wien; PAN— Polish Academy of

Sciences, Warsaw; PMMT— Programa
Mosca del Mediterraneo, Sanidad Vegetal,

SARH, Tapachula, Mexico; SMT-Staat-
liches Museum fur Tierkunde, Dresden;

TMB— Termeszettudomanyi Muzeum, Bu-

dapest; UCV— Universidad Central de

Venezuela, Maracay; UCRSJ— Universi-

dad de Costa Rica, San Jose; UMO— Uni-

versity Museum, Oxford; USNM— Nation-

al Museum of Natural History, Smithsonian

Institution, Washington, D.C.; USU— Utah
State University, Logan; WSU— Washing-

ton State University; ZIL— Zoological In-

stitute, University of Lund.

The dendrogram (Fig. 1) showing the pos-

sible phylogenetic relationships among the

species in the grandis group has not been

rigorously tested. Some of the characters

used are highly variable within Anastrepha

and resolution of their polarity within the

grandis group will require a thorough cla-

distic analysis of the entire genus. An ad-

mittedly subjective hypothesis is presented

here, which may be useful until a more com-
prehensive analysis can be completed.

Diagnosis and Relationships of

THE GRANDIS GrOUP

Steyskal (1977) defined the grandis spe-

cies group in one of the couplets of his up-

dated version of Stone's (1942) key to the

species of Anastrepha. He included those

species that have what might be termed the

"'grandis-type'" wing pattern. In this pattern

1) cell r, is entirely infuscated, lacking the

normal marginal hyaline spot or band im-

mediately apical to the apex of vein R,, 2)

the S-band is complete, and 3) only the

o
c
03

O

C
n3

ra

c
o
CT)

CD

E

--3

-- 7*

--4,5,6

-- 1,2

Fig. 1 . Possible phylogenetic relationships among
the species of the grandis group. The following are

possible synapomorphies: 1) cell r, without marginal

hyaline spot (note homoplasy in #7); 2) body color

relatively dark; 3) cell r,^, entirely infuscated; 4) cell

bm at least weakly infuscated; 5) second section ofvein

M more than 2.9 times as long as third section; 6)

aculeus tip broadly rounded; 7) cell r, with marginal

hyaline spot (reversal of #1).

proximal arm of the V-band is present. In

some specimens of grandis, the infuscation

at the base of the marginal part of cell ri is

faint, but there is never a distinctly bordered

band or triangular hyaline spot as in most

species of Anastrepha. A number of Anas-

trepha species might be confused with spe-

cies with the grandis-XypQ pattern because

they also lack the hyaline spot in r,. Most
of the species of the daciformis group lack

this r, spot, but they differ in having the

S-band interrupted in cell dm, in having the

basal half of the scutellum darker than the

apex, and in a number of genitalic charac-

ters. Some specimens ofcordata Aldrich also

lack the r, spot, but these have a complete

V-band with the proximal arm blackish and

broadly expanded.

Six species of Anastrepha have the gran-

dis-type wing pattern. The keys of Stone

(1942) and Steyskal (1977) include grandis.
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atrigona Hendel, shannoni Stone, and bezzii

Lima, as well as balloui Stone, here consid-

ered a synonym of bezzii. Two new species,

castilloi Norrbom and grandicula Norr-

bom, also have this pattern. Despite the

similarity of their wing patterns, the mo-
nophyly of these six species is doubtful.

Anastrepha bezzii is probably more closely

related to species such as mucronota Stone,

crebra Stone, and a number of others that

have the endophallic sclerite of the disti-

phallus narrowed and not distinctly con-

voluted (Fig. 8A, B). The plesiomorphic

shape ofthis sclerite (occurring in Toxotryp-

ana Gerstaecker and most other Anastre-

pha) is broad, with a distinct internal tube

(Fig. 8C-E). The undulation of vein R.^, is

another apomorphic character found in

many of these species, although it is fre-

quently variable intraspecifically as in bez-

zii. Although connected in cell r,, the sep-

aration of the C- and S-bands along vein

R4+5 in bezzii is another similarity shared

with these species, which usually have the

bands completely separated. The connec-

tion of the C- and S-bands is a highly vari-

able character in Anastrepha, one that has

certainly been affected by homoplasy, but it

is noteworthy that in the other species with

the grandis-Xypc wing pattern, these bands

are connected along R4+5. Like mucronota,

crebra, and related species, bezzii also re-

tains the plesiomorphic absence of lateral

creases on the proctiger (Fig. 7C). They are

present (Figs. 7E, 1 lA) in the other species

with the grandis-Xype wing pattern as in the

majority of Anastrepha species. The shape

of the aculeus tip, the elongate pattern of

dorsal scales on the eversible membrane,
and the weakly sclerotized spermathecae,

although distinctive in bezzii, are autapo-

morphic and indicate little about its rela-

tionships. One character that contradicts the

hypothesis of its relationship to mucronota
and related species is the posterior orbital

seta, which is absent in bezzii and some-
times weak or absent in grandis, shannoni,

and grandicula. The variability of this char-

acter in the latter three species and the dis-

tribution of the other character states dis-

cussed above suggest that this is the result

of homoplasy, however, like the similarity

in wing pattern. On this basis I transferred

bezzii from the grandis group to the mu-
cronota group (Norrbom and Kim 1988b).

Anastrepha grandis, shannoni, grandicu-

la, and atrigona are probably closely relat-

ed, although their monophyly is difficult to

clearly demonstrate. Except for the shape of

the aculeus tip, their female and male ter-

minalia are very similar, as is their color-

ation. The absence of the hyahne spot from

r, and the basal part of r2+3 and the absence

ofthe apical arm ofthe V-band are probable

synapomorphies, although neither of these

character states (especially the latter) is

unique to these species within Anastrepha.

A monophyletic group including them
should possibly also include two poorly

known species, fumipennis Lima and bi-

vittata (Macquart), which I have not ex-

amined. Anastrepha fumipennis is known
only from two females from Rio de Janeiro

(Lima 1 934) and a third from Espirito Santo

(R. A. Zucchi, pers. comm.), whereas biv-

ittata is currently unrecognized because the

type material, from an unknown locality,

has not been located (I did not find it in the

UMO or the Museum National d'Histoire

Naturelle, Paris). From Macquart's (1843)

description it appears to be closely related

to or perhaps even conspecific with fumi-

pennis, although Lima (1 934) noted that the

terminalia are shorter infumipennis than is

shown in Macquart's illustration of bivit-

tata. The scutal color pattern may also dif-

ferentiate the two taxa, although neither au-

thor thoroughly described this character.

Both fumipennis and bivittata have a mar-

ginal hyaline spot in cell r,, but their wings

otherwise closely resemble atrigona; cell bm
is infuscated, the apical arm of the V-band

is absent, the proximal arm is close to the

S-band in cell dm (at least in fumipennis),

the pattern is brown, and the ratio of the

second and third sections ofvein M is great-
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er than 2.9. The aculeus tip mfumipennis
is also almost identical to that of atrigona

(its shape is unknown in bivittata). Except

perhaps for the wing pattern color, these are

all probable synapomorphies. One possible

hypothesis ofrelationship among these three

species and grandis, grandicula, and shan-

noni to explain these character state distri-

butions is that the loss of the r, hyaline spot

is a synapomorphy for the entire group, but

it reappeared due to reversal in fumipennis

and bivittata (Fig. 1). A more thorough study

of the latter two species is needed to better

understand their relationships.

The relationship of castilloi to the other

species with the grandis-Xype wing pattern

is less certain. The presence of the proctiger

creases indicates that it is not closely related

to bezzii, but this is a synapomorphy shared

with many Anastrepha species. The wing

pattern (absence of r, hyaline spot and api-

cal arm of V-band) and generally dark col-

oration may be synapomorphies with the

rest of the grandis group, but the much dif-

ferent shape of the surstylus, the pattern of

dorsal scales on the eversible membrane,
and the scutal color pattern suggest that the

similarities in wing pattern could be the re-

sult of convergence. The latter three char-

acter states might also be autapomorphic for

castilloi, however.

Key TO THE Species of

Anastrepha with the
grandis-tyve wing pattern

The following key may be used in place

of couplets 2-5 in the key of Stone (1942)

or in place of that on page 7 in Steyskal

(1977).

1. Wing (Fig. 2A, B) with a hyaline area in cell

r,+ 3 between crossveins bm-cu and r-m; section

of vein M between bm-cu and r-m less than

1.85 times as long as section between r-m and

dm-cu; vein R^^, usually undulant . . bezzii Lima
- Wing (Fig. 2C-G) with cell r. + , entirely infus-

cated basal to r-m; section of vein M between

bm-cu and r-m more than 1.85 times as long

as section between r-m and dm-cu; vein R3+3

almost straight 2

2. Cell n + j entirely infuscated (Fig. 2E, G); tho-

racic pleura with well differentiated yellowish

and redbrown areas or mostly yellowish with

brownish medial spot on anepimeron 3

- Cell r, + , (Fig. 2C-D, F) with large subapical

hyaline area; thoracic pleura without well dif-

ferentiated dark areas except sometimes on

greater ampulla, laterotergite, or metapleuron

4

3. Abdomen with medial yellowish stripe; cell br

(Fig. 2G) entirely infuscated; dark areas of scu-

tum more or less evenly redbrown (similar to

Fig. 3A); syntergostemite 7 less than 4.0 mm
long; aculeus tip (Fig. 1 3G) serrate, with pair

of dorsal lobes; surstylus (Fig. IIC) elongate,

slightly acute; aedeagus less than 5.0 mm long

shannoni Stone

- Abdomen entirely yellowish or orange; cell br

(Fig. 2E) with large hyaline area apical to bm-
cu; scutum (Fig. 3C) with irregular brown stripe,

darker than orange or redbrown areas, slightly

lateral to dorsocentral seta; syntergostemite 7

more than 4.75 mm long; aculeus tip (Fig. 13E,

F) non-serrate, slender, with dorsal and ventral

ridges; surstylus (Fig. 1 1 B) moderately long,

blunt; aedeagus more than 6.0 mm long ....

grandis (Macquart)

4. Wing (Fig. 2C) with section of vein M between

bm-cu and r-m more than 2.8 times as long as

section between r-m and dm-cu; cell bm in-

fuscated, at least weakly; proximal arm of

V-band narrowly separated from or partially

fused with S-band in cell dm; aculeus tip (Fig.

13A) non-serrate, at least 0.12 mm wide ....

atrigona Hendel

- Wing (Fig. 2D, F) with section of vein M be-

tween bm-cu and r-m less than 2.5 times as

long as section between r-m and dm-cu; cell

bm hyaline; proximal arm ofV-band separated

from S-band in cell dm by hyaline area at least

as wide as arm of V-band; aculeus tip serrate

or less than 0.07 mm wide 5

5. Greater ampulla with distinct dark brown spot;

scutum (Fig. 3B) with medial yellowish stripe

broadly expanded posteriorly, fusing with nar-

row stripe in line with dorsocentral seta; syn-

tergostemite 7 greater than 4.0 mm long; ever-

sible membrane with single row of large dorsal

scales (Fig. IOC); aculeus tip (Fig. 13C) non-

serrate, less than 0.07 mm wide

castilloi Norrbom, n. sp.

- Greater ampulla yellowish; scutum similar to

Fig. 3A, with medial yellowish stripe narrow

posteriorly, not extending laterally beyond ac-

rostichal seta, narrow stripes in line with dor-

socentral seta absent; syntergostemite 7 less

than 4.0 mm long; eversible membrane with
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B
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Fig. 2. Wing. A, A. bezzii, male. B, A. bezzii, female. C, A. athgona. D, A. grandicula. E, A. grandis. F, A.

castilloi. G, A. shannoni.

numerous large scales in triangular pattern (Fig.

lOD); aculeus tip (Fig. 13D) serrate, approxi-

mately 0.14 mm wide

grandicula Norrbom, n. sp.

Anastrepha atrigona Hendel

(Figs. 2C, 3A, 4, 7A, B, lOA, 13A, 14A)

Anastrepha atrigona Hendel 1914a: 70 (Su-

rinam), 1914b: 15 (in key, catalog), 20

(description again as n. sp.); Lima 1934:

499, 555 (in key); Greene 1934: 132, 138

(in keys), 146 (Brazil); Stone 1942: 12 (in

key), 2 1 (9 terminalia; Brazil); Fernandez

1953: 12 (in key), 18 (Venezuela); Foote

1967: 7 (in catalog); Steyskal 1977: 7 (in

key); Zucchi 1978: 17 (in key), 27; Cara-

ballo 1981: 30 (in key), 44 (Venezuela).

Type data.— Holotype 6 (NMW), "aus

Surinam, Firma Staudinger & Bang-Haas."

It bears a label with "Surinam V.-IX.," a

label with "Anastrepha atrigona H. det.

Hendel" in Hendel's writing, and a red

"Type" label. I have added a holotype label.

Hendel apparently removed the right wing

for illustration and it may be lost. I have
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A A B I C

Fig. 3. Mesonotal color patterns. A, A. atrigona. B, A. castilloi. C, A. grandis.

Fig. 4. Distributions of A. atrigona (dots = examined specimens; squares = literature records) and A. fu-

mipennis (triangles).
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3 6 3 8 4 4.2 4.4 4 6 4,;

Mesonotum In. (in mm) B

«: ,.

3 6 3 8 4 4 2 4,4 4 6 4 1

Mesonotum In (in mml

Fig. 5. A. bezzii: A, Syntergostemite 7 length (in mm) versus mesonotum length (in mm); B, Relative

syntergostemite 7 length (syntergostemite 7 length/mesonotum length) versus mesonotum length. For data points,

b = specimens from Brazil, g = Guatemala, m = Mexico, p = Panama, v = Venezuela. Line A = correlation

based all specimens (except Campinas 9, see text), line B = correlation for specimens from Vigosa, Brazil only,

line P = correlation based on specimens from Mexico-Panama only, and line V = correlation for specimens

from Venezuela only.

dissected the abdomen which is now stored

in a microvial.

Description. — Mostly orange to red-

brown. Setae dark redbrown to black. Head:

Concolorous except dark brown ocellar tu-

bercle; 4-5 frontal setae; 2 orbital setae, pos-

terior one always strong. Antenna extends

0.70-0.78 distance to lower facial margin.

Thorax: Mesonotum (Fig. 3A) 3.30-4.08

mm long. Scutum entirely microtrichose;

mostly orange to dark redbrown; single dis-

tinct yellowish medial stripe from anterior

margin to slightly posterior to acrostichal

seta, slightly expanded posteriorly but usu-

ally not extending laterally beyond acros-

tichal seta; no narrow yellowish stripe in

line with dorsocentral seta; rarely with

poorly differentiated brown stripe slightly

lateral to dorsocentral seta, but never as dark

as in grandis; distinct yellowish sublateral

stripe from transverse suture to posterior

margin, crossing intra-alar seta; scuto-scu-

tellar suture rarely with irregular dark brown

medial spot. Subscutellum and medioter-

gite redbrown, broadly dark brown laterally.

Pleura with typical dark areas at most weak-

ly differentiated. Katepistemal seta undif-

ferentiated or weak, yellowish, no longer

than postocellar seta. Wing (Fig. 2C): Length

7.50-9.22 mm. Vein R2+3 almost straight.

Vein M strongly curved apically; section be-

tween bm-cu and r-m 2.91-3.43 times as

long as section between r-m and dm-cu. Pat-

tern dark orange brown to dark brown, its

margins distinct. Cell r;^, with large sub-

apical hyaline area; entirely infuscated ba-

sally. Cell br and base of cell dm entirely

infuscated or with small hyaline area; if

present in br just apical to bm-cu, this spot

does not reach vein R4+5 and extends no

more than half way to dm-cu. Cell bm in-

fuscated, often darkly, but sometimes only

faintly yellowish. Proximal arm of V-band

extends anteriorly to R4+S; fused to S-band
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at R4+5 and often also in cell dm. Abdomen:
Tergites unicolorous orange to redbrown.

Male terminalia: Outer surstylus (Fig. 7A,

B) broad basally, tapering apically to narrow

lobe; moderately long, section apical to apex

of inner surstylus 1.20-1.70 times as long

as basal part; in lateral view similar to gran-

dis. Proctiger with distinct lateral fold; scler-

otized part narrowly divided into 3 sections.

Aedeagus 5.10-5.76 mm long; 1.38-1.49

times as long as mesonotum. Distiphallus

0.58-0.63 mm long, relatively stout; en-

dophallic sclerite similar to grandis, strong,

stout and distinctly convoluted apically. Fe-

male terminalia: Syntergostemite 7 3.70-

4.45 mm long; 1.08-1.18 times as long as

mesonotum. Eversible membrane (Fig. 10A)
with dorsobasal scales in triangular pattern;

10-11 large hooklike scales in broadest row;

largest scales 0.20 mm long. Aculeus 3.55-

4.40 mm long; tip (Fig. 1 3A) 0.37-0.42 mm
long, 0.13-0.14 mm wide, non-serrate, sides

broadly convex. Spermathecae (Fig. 14A)
ovoid to elongate ovoid.

Distribution (Fig. 4).— Probably through-

out the humid forests of Amazonia, the

Guianas, and Venezuela. The exact locality

within Surinam where the holotype was col-

lected is unknown. It is represented on the

distribution map by a dot in the center of

the country. I examined four specimens with

labels with "4385" and "Dem.," one of

which also has a label with "Demerara, Af-

rica." I am assuming that this is a mistake

and that the site is the Demerara River in

Guyana. No species of Anastrepha are

known to be established in Africa.

The distribution of atrigona appears dis-

junct from that of its possible sister species,

fumipennis (and/or bivittata), from south-

em Brazil (Fig. 4). It overlaps that o{grandis

only in northern Venezuela.

Specimens examined. — Holotype (see

Type data). BRAZIL: Amazon., H. W. Bates,

1 9 (BMNH). Amazonas: Amazon River,

Atary to Manaus, 20-21. IX. 1930, Hoh,
Blake & Agostini, 1 9 (USNM); 1 km E
Campinas field station, Km 60 N Manaus,

22.11.1979, T. E. Erwin, 1 6 (INPA) 1 $

(USNM); Manaus, Campus Univ., various

dates, II,XI-XII. 1975-1978, J. A. Rafael, 1

$ 2 9 (INPA) 13 19 (USNM); Manaus,
2.VII.1986, 22.VIII.1985, B. Klein, 1 9

(INPA) 1 9 (USNM). Para: Santarem, H.

W. Bates, 1 <? 1 9 (BMNH); Santarem, 1 9

(CMP); Santarem, IX, 1 9 (USNM); Obidos,

1 6 (AMNH); Dampfer [steamer] Prainha—
Mte. Alegre, 30.V.1927, Zemy, 1 9 (NMW)
1 9 (USNM). Rio Branco: Mt. Roraima,

1932, J. G. Myers, 1 3 (MCZ) 1 9 (USNM).
GUYANA: "Demerara, Africa, 4385," O.

S. Westcott, 2 3 (INHS) 1 3 1 9 (USNM).
VENEZUELA: Amazonas: Cerro Duida,

6.III. 1 929, 1 9 (AMNH). Aragua: El Limon,

450 m, 6.VII.1966, J. R. Dedordy, 1 9

(UCV); Rancho Grande, Portachuelo, 1 100

m, 28.V.1980, J. A. Clavijo, 1 6 (UCV).

Anastrepha bezzii Lima
(Figs. 2A, B, 5, 6, 7C, D, 8A, B,

lOB, 13B, 14B)

Anastrepha Bezzii Lima 1934: 498 (descrip-

tion, 6 genitalia; Brazil), 555 (in key); Lima
1937: 63 (description of 9; Brazil).

Anastrepha bezzii; Stone 1942: 12 (in key),

20; Foote 1967: 8 (in catalog); Steyskal

1977:7(inkey);Zucchi 1978: 17 (in key),

33; Zucchi 1984: 561 (9 terminalia; Bra-

zil).

Anastrepha bailout Stone 1942: 12 (in key),

20 (description, 9 terminalia; Venezuela,

Panama); Fernandez 1953: 12 (in key),

17 (host; Venezuela); Guagliumi 1966:

193, 197, 232 (hosts); Foote 1967: 7 (in

catalog); Korytkowski and Ojeda 1968:

43 (3 terminalia), 1969: 79 (Peru); Stey-

skal 1977: 7 (in key); Caraballo 1981: 30

(in key), 41 (taxonomy, hosts; Venezue-

la); Aluja et al. 1987 (Mexico); Jiron et

al. 1988: 132 (Costa Rica); Norrbom and

Kim 1988b: 13 (hosts). New Synonymy.

Type dala.— bezzii: holotype S (Instituto

Oswaldo Cruz, no. 1796), "Brazil, Rio de

Janeiro, Manguinhos, 24.11.1902." Zucchi

(1978) reexamined it and reported its date
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Fig. 6. Distribution of A. bezzii (dots = examined specimens; squares = literature records).
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Fig. 7. A, B, A. athgona. C, D, A. bezzii. E, F, A. castilloi. A, B, D, F, epandrium and surstyli (posterior

view). C,E, epandrium, surstyli, and proctiger (lateral view). Bar = O.I mm.

Fig. 8. Distiphallus (lateral view except B, ventral). A, B, A. bezzii. C, A. castilloi. D, A. grandis. E, A.

shannoni. Bar = 0.1 mm.
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Fig. 9. Distributions of .4. castilloi (dot), A. grandicula (square), and A. sharmoni (triangles); solid figures

examined specimens; hollow = literature records.

of collection as 24.III.1917. Lima dissected

and mounted the abdomen and a^wing on

slides 1876 and 1877. balloui: holotype 9

(USNM), "Venezuela: San Juan de los Mo-
rros, on Terminalia catappa, 1 2. IV. 1938, C.

H. Ballou." It bears a label with "S. J. los

Morros, Venez, 249 C. H. Ballou, 4-12-

1938" and "on Terminalia catappa," a red

"Type No. 51652 U.S.N.M." label, and a

Stone determination label with "Anastre-

pha balloui Stone." Stone dissected and

mounted the terminalia on slide 39.IV. 17^.

Description.— Mostly yellowish to or-

ange. Setae redbrown to dark redbrown.

Head: Concolorous except dark brown ocel-

lar tubercle; 2-4 frontal setae; 1 (rarely 2)

orbital seta (posterior seta present, only on

left side, in only 1 of 38 specimens exam-

ined). Antenna extends 0.50 distance to

lower facial margin. Thorax: Mesonotum
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Fig. 10. Dorsal scales of cversibic membrane. A, A. alhgona. B, .1. hc:zli (redrawn from Stone 1942, at

slight lateral view). C, .-1. caslillol. D, A. i^randiciila. E, A. grandis. F, A. shannoni.

Fig. 11. A, B, A. grandis. C, .1. shannoni. A, cpandrium, surstyli, and proctiger (lateral view). B, C, epandrium

and surstyli (posterior view).
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Fig. 12. Distribution of /I. grandis (dots = examined specimens; squares = literature records).

3.66-4.52 mm long (up to 5.00 in Brazil

(Zucchi 1984)). Scutum entirely microtrich-

ose; mostly yellowish to orange with indis-

tinct whitish or translucent areas; pattern

difficult to see, similar to Fig. 3B, but trans-

lucent medial stripe hardly expanded until

about halfway between transverse suture and

posterior margin, and then abruptly so; pos-

terior part of medial stripe larger and more

rectangular than in castilloi, fusing with nar-

row translucent stripe extending from an-

terior margin in line with dorsocentral seta;

scuto-scutellar suture without distinct me-

dial dark brown spot. Subscutellum and me-

diotergite entirely yellow to orange. Pleura

with typical dark areas poorly differentiat-

ed. Katepisternal seta undifferentiated or

weak, yellowish, no longer than postocellar

seta. Wing{¥\g. 2A, B): Length 8.39-10.29

mm (up to 10.75 in Brazil (Lima (1937)).

Vein R2+3 almost straight to strongly un-

dulant. Vein M strongly curved apically,
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Fig. 13. Aculeus tip (ventral view except E, lateral). A, A. atrigona. B, A. hezzii. C, A. castilloi. D, A.

gmndicula. E, F, A. grandis. G, A. shannon!. Bar = 0.10 mm.

reaching apex of S-band; section between

bm-cu and r-m 1.48-1.79 times as long as

section between r-m and dm-cu. Pattern

faint yellow to faint orange brown, its mar-

gins often diffuse. Cells dm, br and r;^,

crossed by hyaline area between bm-cu and
r-m, rarely narrowly entering cell r,. Cell

r2+3 also with large subapical hyaline area.

Cell bm hyaline. Proximal arm of V-band
strong until vein M, usually extending faint-

ly to R4
^ s; separate from S-band. Abdomen:

Tergites unicolorous yellowish to orange.

Male terminalia: Outer surstylus (Fig. 7D)
strongly delimited from epandrium, broad

basally, gradually tapering to rounded apex;

relatively short, section apical to apex of

inner surstylus 0.60-0.70 times as long as

basal part; posterior side slightly concave

(Fig. 7C). Proctiger (Fig. 7C) without dis-

tinct lateral fold; sclerotized part undivided.

Aedeagus 9.71-12.10 mm long; 2.56-2.83

times as long as mesonotum. Distiphallus

(Fig. 8A, B) 0.65-0.80 mm long, relatively

stout; endophallic sclerite strong, moder-

ately broad, but not distinctly convoluted

apically, a subapical hooklike structure usu-

ally apparent. Female terminalia: Synter-

gostemite 7 6.28-9.55 mm long (as short as

5.56 mm in Venezuela (Caraballo 1981), up

to 12.50 mm in Brazil (Lima 1937)); 1.63-

2. 1 6 times as long as mesonotum (up to 2.63

times in Brazil (Lima 1937)). Eversible

membrane (Fig. 1 OB) with dorsobasal scales

in elongate pattern 1.85-3.33 mm long (up

to 4.00 in Brazil (Zucchi 1 984)); largest scales

at basal third, 0.08-0.09 mm long. Aculeus

5.62-9.13 mm long (up to 10.00 in Brazil

(Zucchi 1984)); tip (Fig. 13B) 0.25-0.35 mm
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Fig. 14. A-F, spermathecae (2 of 3 shown). G, eggs. A, A. atrigona. B, A. bezzii. C, A. castilloi. D, A.

grandicula. E, A. grandis. F, G, A. shannoni.

long, 0.09-0. 10 mm wide, non-serrate, sides

slightly convex, ventral surface transversely

concave with apical % slightly convex. Sper-

mathecae (Fig. 14B) weakly sclerotized,

elongate ovoid.

Remarks.— There is considerable varia-

tion in terminalia length among specimens

that are recognized here as bezzii (Table 1

,

Fig. 5). Stone (1942) and subsequent au-

thors recognized populations from Mexico

to Venezuela and Peru as a distinct species,

A. balloui, because they have syntergoster-

nite 7, the aculeus, the part of the eversible

membrane with dorsal scales (the "rasper"

of Stone 1942), and the aedeagus shorter

than in the few Brazilian specimens previ-

ously known. The lengths of all of these

structures are correlated, however, and these

differences are all the result of variation in

terminalia length. The distinctive shape of

the aculeus tip, the pattern of the scales of

the eversible membrane, the shape of the

surstyli, and the wing pattern and venation

are consistent in the Brazilian and non-Bra-

zilian specimens.

Table 1 and Fig. 5 present an analysis of

Table 1. Anastrepha bezzii: mesonotum length (in mm), syntergostemite 7 length (in mm), and their ratio

in specimens from Mexico-Panama, Venezuela, and Brazil.

Mexico-Panama (n = 10) Venezuela (n = 8) Brazil (n = 6)

Mesonotum length

Mean and std. dev.

Syntergost. 7 In.

Mean and std. dev.

Synt. 7/meson. In.

Mean and std. dev.

3.66-4.53

4.09 ± 0.33

6.67-8.48

7.76 ± 0.69

1.80-1.96

1.90 ± 0.05

3.70^.48

3.99 ± 0.23

6.28-7.30

6.70 ± 0.29

1.63-1.75

1.68 ± 0.04

4.08-5.00

4.54 ± 0.32

8.07-10.00

9.09 ± 0.72

1.90-2.17

2.01 ± 0.09
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the variation in the length and relative length

(ratio to mesonotum length) of syntergo-

sternite 7 between samples from Mexico-

Panama, Venezuela, and Brazil. All

measurements were taken from examined

specimens with the addition of those for

single females from Vi^osa, Brazil (Zucchi

1 984) and Venezuela (Caraballo 1981). The
measurements of the female reported by

Lima (1937) from Campinas, Goias, Brazil,

which unfortunately has been lost (Zucchi

1984), are plotted for comparison, but are

not included in the analysis. Caraballo

(1981) found greater variation in synter-

gostemite 7 length in a larger sample of fe-

males from Venezuela (5.56-7.30 mm; n ^

75). She did not report the relative length,

but her range of mesonotal lengths suggests

that it is consistent with that in the speci-

mens I examined.

Syntergostemite 7 length and relative

length are significantly different (/ test, P <
0.01) between all samples, as is the arcsine

transformation of the inverse of the latter

ratio. Mesonotum length is significantly dif-

ferent between Brazil and Venezuela {P <
0.01) and Brazil and Mexico-Panama {P <
0.02), but not between Venezuela and Mex-
ico-Panama. Thus, although the Brazilian

females have longer terminalia, their rela-

tive terminalia length is closer to that of the

Mexico-Panama sample than to that of the

Venezuela sample or the Campinas, Brazil

female of Lima (1937) (Fig. 5B). Similarly,

the regression lines for these two samples

are closer than that for the Venezuela sam-
ple (Fig. 5A). There does not appear to be

an allometric relationship, at least within

samples (Fig. 5B).

I have not examined the male holotype

oihezzii which is assumed to be conspecific

with the Vigosa sample. The type locality

of Rio de Janeiro is much closer to Vi^osa

than to Campinas. At least the Mexico-Pan-

ama populations seem to be conspecific, and
although the relative terminalia length of

the Venezuelan sample is significantly dif-

ferent statistically, whether there is any bi-

ological significance is questionable. The
status of the Campinas female is less certain

since Lima's measurements cannot be ver-

ified, but if they are accurate, it is at least

as different from the other Brazilian speci-

mens as the Venezuela population.

I do not believe there is enough evidence

at the present time to justify the recognition

of the Venezuelan population as a distinct

species, and I therefore regard balloui Stone

a synonym of bezzii. Continued use of this

name is not justifiable without also regard-

ing the Campinas female as representative

of another separate species. Unless other

characters or behavioral or biological stud-

ies demonstrate otherwise, I believe that all

of these specimens should be considered

conspecific. Additional collecting, an anal-

ysis of larger sample sizes, and biochemical

or behavioral studies to test the statistical

and biological significance ofthe differences

among them would certainly be useful.

The scutal color pattern in bezzii is faint

and diflftcult to see. It was obscured by un-

derlying tissues in most of the specimens I

examined, most of which were preserved in

fluid prior to pinning.

Biology.— The only well confirmed hosts

are Sterculia apetala (Jacq.) Karst. (Cara-

ballo 1981) and 5. chicha St. Hil. (R. A.

Zucchi, pers. comm.), ahhough Guagliumi

(1966) also listed Terminalia catappa L. as

a host. The latter record may be erroneously

based on Stone's (1942) report that some of

the types of balloui were collected "on" T.

catappa, but Guagliumi's listing (p. 232) of

two Opius species as 'Tarassita di Anastre-

pha balloui Stone s/ Terminalia'^ suggests

that he may have seen reared specimens.

The larvae reared from 5". chicha in Brazil

fed inside the seed rather than in the pulp

of the fruit (R. A. Zucchi, pers. comm.).

Distribution.— Southern Brazil, Peru and

Venezuela to Mexico (Fig. 7).

Specimens examined.— Holotype o{ bal-

loui (see Type data). BRAZIL: Minas Ger-

ais: Vigosa, "ex. Sterculia chicha (seed),"

20.VII. 1987, G. P. Santos, 5 <5 5 $ (USNM).
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COSTA RICA: Alajuela: Orotina, L. F. Ji-

ron, 1 9 (UCRSJ). Puntarenas: Lepanto,

8.1. 1 986, L. F. Jiron & J. Soto, 1 3 (USNM).
GUATEMALA: Guazacapan, Sta. Rosa,

XI. 1986, E. Muniz, 1 9 (USNM). MEXI-
CO: Chiapas: Soconusco Region, 13 19
(PMMT); Soconusco Region, 1.1984, M.
Aluja, 1 S (USNM). PANAMA: Barro Col-

orado Isld., V-VI.1943, J. Zetek, 1 3 1 9

(USNM); same, 4.III.1967, R. D. Akre, 1 9

(WSU); Arraijan, III. 1950, 1951, J. Zetek,

1 3 1 9 (USNM); El Cermeiio, various dates

I, VI, VI-VII, IX-X. 1939-1942, J. Zetek,

6 3 3 9 19 paratype (USNM) 1 9 (NMW).
VENEZUELA: Aragua: Gonzalito, 3.11.

1950, F. Femandez-Yepez, 1 9 (BMNH); El

Limon, 450 m, 5.VIII.1981, G. Yepez, 1 9

(UCV); Maracay, 17.VII.1945, F. Feman-

dez-Yepez, 1 9 (CUI). Guarico: San Juan de

los Morros, "on Terminalia catappa^ 12-

28.IV. 1938, C. H. Ballou, 6 3 3 9 paratypes

(USMN) 13 19 paratypes (BMNH) 1 3

paratype (NMW).

Anastrepha castilloi Norrbom,

New Species

(Figs. 2F, 3B, 7E, F, 8C, 9,

IOC, 13C, 14C)

Type data.-Holotype 9 (UCV), VENE-
ZUELA: Bolivar: Auyan-tepui, campamen-
to A, 5°44.8'N, 62°29.5'W, 2200 m, 10-

13.11.1988, L. J. Joly & A. Chacon. I have

dissected the terminalia which are now
stored in a microvial. Paratypes: same data

as holotype, 7 3 1 9 (UCV), 4 3 2 9 (USNM).
Description. — Mostly orange to dark

brown. Setae dark redbrown to black. Head:

Concolorous except dark brown ocellar tu-

bercle; 4-6 frontal setae; 2 orbital setae, pos-

terior one strong. Antenna extends 0.75-

0.86 distance to lower facial margin. Tho-

rax: Mesonotum (Fig. 3B) 3.33-4.20 mm
long. Scutum entirely microtrichose; mostly

moderate to dark brown; single distinct yel-

lowish medial stripe from anterior margin

to slightly posterior to acrostichal seta,

broadly expanded and rounded (not rect-

angular) posteriorly, extending laterally to

or almost to dorsocentral seta, fusing with

narrow, faint orange stripe extending from

anterior margin to dorsocentral seta; dis-

tinct yellowish sublateral stripe from trans-

verse suture to posterior margin, crossing

intra-alar seta; distinct yellowish mark ex-

tending posteriorly from postpronotal lobe

to presutural supra-alar seta, almost joining

sublateral stripe on transverse suture; scuto-

scutellar suture without distinct medial dark

brown spot. Subscutellum and mediotergite

light brown, broadly dark brown laterally.

Pleura with typical dark areas weakly to

moderately differentiated except spots on

laterotergite and metapleuron dark brown;

greater ampulla mostly dark brown. Kat-

epistemal seta weak, orange, smaller than

postocellar seta. Wing (Fig. 2F): Length

7.65-9.22 mm. Vein R;+3 almost straight.

Vein M weakly to moderately curved api-

cally; section between bm-cu and r-m 1 .96-

2.34 times as long as section between r-m

and dm-cu. Pattern orange brown, its mar-

gins distinct. Cell r.^, with large subapical

hyaline area; entirely infuscated basally. Cell

br with large hyaline spot apical to dm-
cu, extending more than halfway to r-m.

Cell dm with large basal hyaline spot. Cell

bm hyaline. Proximal arm of V-band ends

at M, broadly separated from S-band. Ab-

domen: Tergites unicolorous yellowish to

light brown. Male terminalia: Outer sursty-

lus (Fig. 7F) rapidly tapering basally, blunt

apically; short, section apical to apex of in-

ner surstylus 0.45-0.55 times as long as bas-

al section; in lateral view (Fig. 7E), posterior

margin almost straight. Proctiger (Fig. 7E)

setose dorsally, with distinct lateral fold;

sclerotized part narrowly divided into 3 sec-

tions. Aedeagus 5.47-5.95 mm long; 1.33-

1.54 times as long as mesonotum. Disti-

phallus (Fig. 8C) 0.59-0.71 mm long, slen-

der; endophallic sclerite weakly sclerotized

and slender, but similar in shape to grandis,

stout and distinctly convoluted apically. Fe-

male terminalia: Syntergosternite 7 4.49-

4.95 mm long; 1.21-1,35 times as long as

mesonotum. Eversible membrane (Fig. IOC)



PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

with dorsobasal scales minute except 10-11

large hooklike scales in single row, separat-

ed from minute scales by membranous area;

largest scales 0.25 mm long. Aculeus 3.95-

4.53 mm long; shaft 0.05-0.06 mm wide at

midpoint, sides parallel; tip (Fig. 1 3C) 0.40-

0.43 mm long, 0.05-0.06 mm wide, non-

serrate, sides slightly convex. Spermathecae

(Fig. 1 4C) globose.

Distribution (Fig. 9).—Known only from

the type locality.

Etymology.— At the suggestion of one of

the collectors of the type series. Prof. Luis

Joly, this species is named for Dr. Carlos

Castillo, an enthusiastic conservationist and

the President of Maraven, the company
which organized the expedition to Auyan-
tepui.

Anastrepha grandicula Nor

r

bom,

New Species

(Figs. 2D, 9, lOD, 13D, 14D)

Type data.-Holotype 9 (FSCA), CO-
LOMBIA: Amazonas: Rio Putumayo,
Puerto Arica, 8.Vn.l978, M. A. Tidwell. I

have slide mounted the right wing and dis-

sected the abdomen which is now stored in

a microvial.

Description.— Mostly orange brown. Se-

tae dark redbrown to black. Head: Concol-

orous except dark brown ocellar tubercle; 3

frontal setae; 2 orbital setae, posterior one

weak. Antenna extends 0.65 distance to

lower facial margin. Thorax: Mesonotum
3.74 mm long. Scutum entirely microtrich-

ose; mostly orange brown; pattern similar

to Fig. 3A, single distinct yellowish medial

stripe from anterior margin to slightly pos-

terior to acrostichal seta, slightly expanded
posteriorly but not extending laterally be-

yond acrostichal seta; no narrow yellowish

stripe in line with dorsocentral seta or dark

brown stripe slightly lateral to dorsocentral

seta; distinct yellowish sublateral stripe from
transverse suture to posterior margin, cross-

ing intra-alar seta; scuto-scutellar suture

without distinct medial dark brown spot.

Subscutellum and mediotergite orange

brown, broadly dark brown laterally. Pleura

with typical dark areas weakly differenti-

ated. Katepistemal seta weak, yellowish,

subequal to postocellar seta. Wing (Fig. 2D):

Length 7.98 mm. Vein R2 + 3 almost straight.

Vein M strongly curved apically; section be-

tween bm-cu and r-m 2.29 times as long as

section between r-m and dm-cu. Pattern or-

ange brown, its margins distinct. Cell r2+3

with large subapical hyaline area; entirely

infuscated basally. Cell br with large hyaline

spot apical to dm-cu, extending more than

halfway to r-m. Cell dm with large basal

hyaline spot. Cell bm hyaline. Proximal arm
of V-band extends anteriorly to R4+5, but

not joined to S-band. Abdomen: Tergites

unicolorous yellowish. Female terminalia:

Syntergostemite 7 3.62 mm long; 0.97 times

as long as mesonotum. Eversible membrane
(Fig. lOD) with dorsobasal scales in trian-

gular pattern; 8 large hooklike scales in

broadest row; largest scales 0.20 mm long.

Aculeus 3.29 mm long; shaft 0.14 mm wide

at midpoint, sides parallel; tip (Fig. 13D)

0.41 mm long, 0.14 mm wide, apical half

serrate, sides very slightly concave in basal

half, evenly tapering, straight in apical half.

Spermathecae (Fig. 14D) ovoid.

Distribution (Fig. 9).— Known only from

the type locality.

Etymology.—The epithet, which means
"rather large" in Latin, was selected because

of the similarity of this species with grandis

and its slightly smaller female terminalia.

Anastrepha grandis (Macquart)

(Figs. 2E, 3C, 8D, lOE, llA, B,

12, 13E, F, 14E)

Tephritis grandis Macquart 1846: 340 (de-

scription; Colombia or Venezuela).

Trypeta (Acrotoxa) grandis; Loew 1873: 23 1

.

Anastrepha grandis; Bezzi 1909: 284 (type

data), 286 (in key); Hendel 1914a: 69,

1914b: 14 (in key), 15 (in catalog); Bezzi

1919a: 4 (in key), 6 (description; Para-

guay, Brazil); Bezzi 1919b: 374; Lima
1930: 21 (hosts; Brazil); Fischer 1932: 302

(description, host, larva; Brazil), 1934: 18
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(description, hosts; Brazil); Lima 1934:

496 ((5 terminalia, hosts; Brazil), 555 (in

key); Greene 1934: 132, 138 (in keys), 145

(hosts; Paraguay, Brazil; see also shan-

noni)\ Blanchard 1937: 41 (Argentina);

Stone 1942: 12 (in key), 22 (2 terminalia,

hosts; Panama); Fernandez 1953: 12 (in

key), 19; Blanchard 1961: 288 (in key),

297 (Argentina); Foote 1967: 11 (in cat-

alog); Korytkowski and Ojeda 1968: 37

(hosts), 43, 1969: 78-79 (Peru); Steyskal

1977: 7 (in key); Zucchi 1978: 17 (in key),

56 (Brazil); Malavasi et al. 1980: 1 1 (host;

Brazil); Caraballo 1981: 30 (in key), 46

(description, hosts; Venezuela); Boscan et

al. 1980: 55 (host; Venezuela); Norrbom
and Kim 1988b: 28 (hosts); Steck and

Wharton 1988: 999 (larvae, egg); Nasci-

mento et al. 1988: 54 (biology).

Anastrepha schineri Hendel 1914a: 69 (Bo-

livia), 1914b: 15 (in key), 16 (in catalog),

19 (description again as n. sp.); Fischer

1932: 303 (synonymy); Greene 1934: 145;

Stone 1942: 23; Foote 1967: 11; Koryt-

kowski and Ojeda 1968: 43; Zucchi 1978:

56.

Anastrepha latifasciata Hering: 1935: 227

(description; Brazil); Lima 1937: 63 (syn-

onymy); Stone 1942: 23; Foote 1967: 11;

Korytkowski and Ojeda 1968: 43; Zucchi

1978: 56.

Type data.— r. grandis: Lectotype (here

designated) 9 (UMO), "De la Nouvelle-Gre-

nade. Collection de M. Bigot." The lecto-

type was the only putative syntype of T.

grandis I found in the exotic cabinet of the

Bigot Collection (UMO). It bears a label

with "Tephritis grandis n. sp." in Mac-

quart's writing and "2, Nov. Granata, Macq.

D. Exot. nom^ in Bigot's writing. It is miss-

ing both wings, but is clearly recognizable

as this species by its body color and ter-

minalia, especially the tip of the aculeus,

which is slightly projecting as is common
in this species and as is shown in Macquart's

illustration (tab. 18, fig. 14). Nueva Gra-

nada was the Spanish colony including Co-

lombia and Venezuela. A. schineri: Holo-

type (3 (TMB), "aus Bolivia, Coroica." It has

a label with "Bolivia Coroico," a label with

^'Anastrepha schineri H. typus det. Hendel"

in Hendel's writing, and an orange bordered

"typus" label. A. latifasciata: Holotype 2

(PAN), "von Sta. Catharina, Sammler Lii-

derwaldt." The type locality is the state or

perhaps the island ofSanta Catarina, Brazil.

The holotype has the following labels: "S.

Catarina, Liiderwaldt" (green), "Type" (or-

ange), "Anastrepha 2 det. Dr. Enderlein,"

and "Anastrepha latifasciata m. Type, det.

M. Hering 1935." I added holotype and de-

termination labels.

Description. — Mostly orange to red-

brown. Setae usually moderate redbrown.

Head: Concolorous except dark brown ocel-

lar tubercle; 3-5 frontal setae; 1-2 orbital

setae, posterior one often weak when pres-

ent. Antenna extends 0.60-0.72 distance to

lower facial margin. Thorax: Mesonotum
(Fig. 3C) 2.88^.22 mm long. Scutum en-

tirely microtrichose; mostly orange to red-

brown; single distinct yellowish medial stripe

from anterior margin to slightly posterior

to acrostichal seta, moderately expanded

posteriorly, extending laterally beyond

acrostichal seta but not reaching dorsocen-

tral seta; no narrow yellowish stripe in line

with dorsocentral seta, but dark brown,

sometimes poorly differentiated stripe

slightly lateral to dorsocentral seta; distinct

yellowish sublateral stripe from transverse

suture to posterior margin, crossing intra-

alar seta; scuto-scutellar suture usually with

irregular medial dark brown spot. Subscu-

tellum and mediotergite orange brown,

broadly dark brown to black laterally. Pleu-

ra with typical dark areas weakly differen-

tiated except anepimeron usually with dark

brown spot. Katepistemal seta undifferen-

tiated or weak, yellowish, no longer than

postocellar seta. Wing (Fig. 2E): Length

7.95-10.30 mm. Vein R^+j almost straight.

Vein M moderately curved apically; section

between bm-cu and r-m 2.18-2.69 times as

long as section between r-m and dm-cu. Pat-



120 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

tern faint yellow brown to orange brown,

its margins often diffuse. Cell r.+s entirely

infuscated. Cell br with large hyaline area

apical to bm-cu, extending more than half-

way to r-m. Cell dm with large basal hyaline

area. Cell bm hyaline. Proximal arm of V-

band ending at M or extending anteriorly,

often faintly, to R4+5 to fuse with S-band.

Abdomen: Tergites unicolorous yellowish to

orange. Male terminalia: Outer surstylus

(Fig. 1 1 B) broad basally, tapering apically

to short blunt lobe; moderately long, section

apical to apex of inner surstylus 0.95-1.33

times as long as basal section; posterior side

distinctly concave (Fig. 1 lA). Proctiger with

distinct lateral fold; sclerotized part narrow-

ly divided into 3 sections or only weakly

connected (Fig. IIA). Aedeagus 6.70-7.40

mm long; 1.70-2.33 times as long as me-
sonotum. Distiphallus (Fig. 8D) 0.55-0.68

mm long, relatively stout; endophallic scler-

ite strong, stout and distinctly convoluted

apically. Female terminalia: Syntergoster-

nite 7 4.99-6.28 mm long; 1.40-1.59 times

as long as mesonotum. Eversible membrane
(Fig. lOE) with dorsobasal scales in broad

subtriangular pattern; 14-16 large hooklike

scales in broadest row; largest scales 0.30

mm long. Aculeus 5.27-6.18 mm long, of-

ten as long or longer than syntergostemite

7; tip (Fig. 1 3E, ¥) 0.58-0.66 mm long, 0. 1
6-

0.18 mm wide, non-serrate, sides slightly

convex, ventral surface with V-shaped ridge

subbasally, dorsal surface with V-shaped

ridge at midlength. Spermathecae (Fig. 14E)

ovoid to elongate ovoid.

Remarks.—The aculeus was broken in the

female with the shortest syntergostemite 7

and was probably no more than 5.00 mm
long.

Distribution (Fig. 12).— Southern Brazil,

northern Argentina, Paraguay, and along the

Andean Cordillera from Bolivia to Vene-

zuela. Apparently grandis does not occur in

the Guianas, Amazonia, and northeastern

Brazil. In the latter country it has been col-

lected in Bahia (Bondar 1950; exact locality

not reported and not shown in Fig. 1 2), Mato

Grosso, and Goias (Zucchi 1988), but it has

not been detected north of these states, in-

cluding in Rio Grande do Norte, where an

extensive monitoring program has been op-

erating since 1986 (Nascimento et al. 1988,

A. Malavasi, pers. comm.). In Bolivia and

northward, grandis appears restricted to

lower elevations ofthe Andes and bordering

areas. It has not been detected in the low-

land coastal melon-growing region of Ec-

uador (Harper 1987). The record from Pan-

ama (Stone 1 942) is questionable. The single

female in the USNM on which it was prob-

ably based was intercepted from a plane or

ship from Panama, but it is not certain that

the cargo in which it was found originated

in that country.

Biology.—The only normal hosts native

to the Neotropics are Cucurbita pepo L., C
moschata (Duchesne) Poiret, and C max-
ima Duchesne (Fischer 1932, Malavasi et

al. 1980,Caraballo 1981,Boscanetal. 1980).

In addition, grandis has been reported to

attack introduced cucurbits such as water-

melon (Citrullus lanatus var. lanatus

(Thunb.) Matsum. & Nakai) (Lima 1934,

Stone 1942), melon {Cucumis melo L.)

(Korytkowski & Ojeda 1968), cucumber

{Cucumis sativus L.) (Lima 1934, Stone

1942), and calabash gourd (Lagenaria si-

ceraria (Mol.) Standi.) (Caraballo 198 1). Fi-

scher (1934) reared one specimen from a

guava fruit, but considered it an abnormal

record because the fruit came from a tree

in the middle of a field planted with Cu-

curbita. Despite the comments of Koryt-

kowski and Ojeda (1969), records from

Citrus are doubtful. Host records are sum-

marized by Norrbom and Kim (1988b).

Nascimento et al. (1988) report various bi-

ological parameters involving oviposition

and duration of life stages based on studies

with laboratory cultures in Sao Paulo.

Specimens examined. — Lectotype of

grandis; holotypes of latifasciata and schi-

neri (see Type data). ARGENTINA: Mi-

siones: Montecarlo, 4.VI. 1982, G. Putruele,

3 3 2 2 (INTA) 13 19 (USNM). BOLIVIA:
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Mapiri, Sarampioni, 700 m, 1. III. 1903, 1 S

(SMT); Sucre, 17.VI.1966, J. C. Ballard, 1

2 (USU); Yungas von Coroico, 1800 m,

7.XII.1906, 1 9 (SMT). BRAZIL: Espirito

Santo: Espirito Santo, Fruhstorfer, 1 S (DEI).

Goias: Anapolis, various dates V-
VII,XI.1936, G. Fairchild, 4 6 (MCZ) 2 S

(USNM); 24 km E Formoso, 25.V.1956, F.

S. Truxal, 2 9 (LACM). Mato Grosso: Cam-
po Grande, X.1947, A. Mailer, 15 19
(USNM); Chapada [probably Chapada dos

Guimaraes], XI, 1 S (AMNH); Maracaju,

V.1937, 2 3 2 9 (USNM). Minas Gerais:

Vigosa, "reared from squash," XI. 1928, M.
Kisliuk & C. E. Cooley, 13 2 9 (USNM).
Parana: Rolandia (Caviuna), II, III,V-
VII, X. 1946-1947, A. Mailer, 5 3 6 9

(AMNH) 13 19 (USNM). Rio de Janeiro:

Nilopolis, 18.XI.1931, M. Kisliuk & C. E.

Cooley, 1 3 (NMW) 1 9 (USNM); Nova
Igua^u, 16.XI.1931, M. Kisliuk & C. E.

Cooley, 1 9 (NMW); Rio de Janeiro, "bred

in fruits of Cucurbitaceae," 1927, 2 3 2 9

(MCZ); Rio de Janeiro, reared ex water-

melon, P. 22.XI, Em. 1 1 .XII. 1 93 1 , M. Kis-

liuk & C. E. Cooley, 2 3 3 9 (USNM); Tin-

gua, III. 1940, R. C. Shannon, 1 9 (USNM).
Rio Grande do Sul, VII. 1930, M. Kisliuk

& C. E. Cooley, 1 specimen without abdo-

men (USNM). Santa Catarina: Corupa
(Hansa Humboldt), various dates

I,VI,VIII.1946, A. Mailer, 2 3 1 9 (AMNH)
1 9 (USNM); Nova Teutonia, various dates,

all months, various years 1936-1973, F.

Plaumann, 6 3 22 9 (CNC) 6 3 6 9 (USNM)
2 3 4 9 (AMNH) 13 3 9 (MCZ) 2 3 1 9

(BMNH) 2 3 2 9 (FMNH). Sao Paulo: Sto.

Amaro, "larva colhida de abobora, crysal.

24.IV. 1933, eclosao 5.VI.1933," Fischer, 1

3 2 9 (DEI); Sao Paulo, 26.XII.1931, M.
KisHuk & C. E. Cooley, 1 3 (USNM); Univ.

Sao Paulo, laboratory culture of A. Mala-

vasi, reared ex "pumpkin," XI. 1986, G. J.

Steck, 13 19 (USNM). COLOMBIA: An-
tioquia: Santa Barbara, 5.II.1988, A. Bus-

tillo, 1 9 (USNM). Boyaca: Muzo, 900 m,

J. Bequaert, 1 3 (MCZ). Cauca: Santander,

26.1.1989, A. Trochez, 1 3 1 9 (USNM).

Santander: Bucaramango, 20.XII.1988, A.

Trochez, 1 3 1 9 (USNM). Valle: Horida,

18.IV. 1988, A. Trochez, 1 9 (USNM). EC-
UADOR: Loja: Malacatos, 26.XII.1980, C.

Pacheco, 1 9 (USNM). PANAMA, inter-

cepted at San Francisco, California,

18.III.1937, 1 9 (USNM). PARAGUAY:
Alto Parana: Hohenan, IV. 1938, F. Schade,

13 19 (USNM); Bella Vista, VI. 1938, F.

Schade, 1 3 (USNM); Bella Vista, I, 1 9

(MCZ). Concepcion: Horqueta, A. Schulze,

1 9 (USNM). Guaira: Villarrica, V.1940, F.

Schade, 1 9 (USNM). La Cordillera: San

Bernardino, K. Fiebrig, 1 9 (USNM). PERU:
Cuzco: Quillabamba, 23-27.XII.1983, L.

Huggert, 1 9 (ZIL); [Rio] Mishagua-Uru-

bambafl. [junction], 13.X.1903, 1 3 (SMT).

VENEZUELA: Aragua: Rancho Grande,

1100 m, 22-24.VI.1984, D. S. Bogar, 1 9

(USNM). Carabobo: Las Trincheras, 700 m,

30.III.1981, L. D. Otero, 1 3 (UCV).

Anastrepha shannoni Stone

(Figs. 2G, 8E, 9, lOF, IIC, 13G, 14F, G)

(part) Anastrepha grandis; Greene 1934: 145

(misidentification).

Anastrepha shannoni Stone 1942: 12 (in

key), 23 (description, Peru); Foote 1967:

16 (in catalog); Steyskal 1977: 7 (in key).

OAnastrepha shannoni; Korytkowski and

Ojeda 1968: 49 (9 terminalia), 1969: 78

(Peru).

Type data.— Holotype 3 (USNM). It bears

a label with "Chimbotes, Amaz. Peru," a

label with "R. C. Shannon Coll. Mar.20.3 1

,"

a red "Type No. 51653 U.S.N.M." label,

and a Stone determination label with

"Anastrepha shannoni Stone." Stone dis-

sected and mounted the left wing and ab-

domen on slides 39.VIII.4b and 39.II.9b,

respectively. He reported the type locality

as "Chimbotes, Amazonas, Peru," but it is

probably the town of Chimbote, at 3°52'S

70°45'W in Loreto Department. The
"Amaz." on the label probably refers to the

Amazon River, along which this town is

located, rather than Amazonas Depart-

ment.
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Description.— Mostly redbrown to dark

redbrown. Setae dark redbrown to black.

Head: Concolorous except dark brown ocel-

lar tubercle; 3-4 frontal setae; 2 orbital se-

tae, posterior one usually weak. Antenna
extends 0.70-0.80 distance to lower facial

margin. Thorax: Mesonotum 3.65-3.90 mm
long. Scutum entirely microtrichose; mostly

redbrown to dark redbrown; single distinct

yellowish medial stripe from anterior mar-

gin to slightly posterior to acrostichal seta,

moderately expanded posteriorly, extend-

ing laterally beyond acrostichal seta but not

reaching dorsocentral seta; narrow, faint or-

ange stripe extending from anterior margin,

crossing dorsocentral seta; distinct yellow-

ish sublateral stripe from transverse suture

to posterior margin, crossing intra-alar seta;

distinct yellowish mark extending posteri-

orly from postpronotal lobe to presutural

supra-alar seta, almost joining sublateral

stripe on transverse suture; scuto-scutellar

suture often entirely dark brown, but with-

out distinct medial spot. Subscutellum and

mediotergite narrowly orange medially,

broadly redbrown to dark brown laterally.

Pleura with typical dark areas of anepister-

num, katepistemum, anepimeron, meron,

and laterotergite redbrown to dark brown,

strongly contrasting with lighter areas. Ka-
tepistemal seta undifferentiated or weak,

yellowish, no longer than postocellar seta.

Wing{V\g. 2G): Length 8.10-8.60 mm. Vein

R2+3 almost straight. Vein M strongly curved

apically; section between bm-cu and r-m
2.45-2.90 times as long as section between

r-m and dm-cu. Pattern light yellow brown
to dark orange brown, its margins often dif-

fuse. Cells br and r2+3 entirely infuscated.

Cell dm with large basal hyaline area. Cell

bm hyaline. Proximal arm of V-band not

extending anteriorly beyond M, not con-

nected to S-band. Abdomen: Tergites 1-5

with even-sided medial yellowish stripe, lat-

eral third redbrown. Male terminalia: Outer

surstylus (Fig. 1 IC) broad basally, gradually

tapering to slightly acute apex; elongate, sec-

tion apical to apex of inner surstylus 1.45-

1.80 times as long as basal section; similar

to grandis in lateral view. Proctiger with

distinct lateral fold; sclerotized part narrow-

ly divided into 3 sections. Aedeagus 4.90

mm long; 1 .26 times as long as mesonotum.
Distiphallus (Fig. 8E) 0.60-0.62 mm long,

relatively stout; endophallic sclerite strong,

stout and distinctly convoluted apically. Fe-

male terminalia: Syntergostemite 7 3.30-

3.95 mm long; 0.90-1.03 times as long as

mesonotum. Eversible membrane (Fig. lOF)

with dorsobasal scales in triangular pattern;

6-7 large hooklike scales in broadest row;

largest scales 0.12 mm long. Aculeus 3.00

mm long; shaft 0. 1 3-0. 1 4 mm wide at mid-

point, sides parallel; tip (Fig. 1 3G) 0.23 mm
long, 0.09-0. 10 mm wide, apical three-fifths

serrate, sides slightly concave, dorsal sur-

face with large basal lobe on each side. Sper-

mathecae (Fig. 14F) ovoid. £'g^ (Fig. 14G):

Length 1.90-2.02 mm. Broadest diameter

0.22-0.26 mm. Elongate, distinctly curved;

slender, especially apical (non-micropyle)

half, broadest at basal third.

Remarks.—As noted by Stone (1942),

Greene ( 1 934) misidentified the holotype as

grandis. Korytkowski & Ojeda (1968) de-

scribed five males and one female from Ja-

yanca, Lambayeque, Peru that they deter-

mined as shannoni. According to their

description and illustrations, the wing pat-

tern and the scutal color pattern of these

specimens match those of the holotype ex-

cept that the yellowish medial scutal stripe

is broader posteriorly, extending laterally

beyond the dorsocentral seta. The shapes of

the aculeus tip, the scales of the eversible

membrane, and the surstylus are similar to

A. grandis, however, differing markedly from

those of the holotype and other specimens

o{shannoni described in this paper, and the

lengths they reported for syntergostemite 7

(4.58 mm) and the aculeus (4.83 mm) are

intermediate between grandis and the Ven-

ezuelan females oi shannoni. It is possible

that Korytkowski and Ojeda confused the

terminalia of these specimens with those of

specimens of grandis, or these specimens
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may represent a different, undescribed spe-

cies. I was unable to borrow them for more
careful study.

The description of the egg is based on

several dissected from the abdomen of one

of the Venezuelan females. They are ex-

tremely similar to the eggs ofgrandis (Steck

and Wharton 1988), and those of both spe-

cies are notable for their large size and slen-

der shape.

Distribution (Fig. 9).— Western Amazo-
nia and southern Venezuela; also western

Peru if the specimens reported by Koryt-

kowski and Ojeda (1968) were correctly de-

termined.

Specimens examined. — Holotype (see

Type data). BRAZIL: Amazonas: Rio Pu-

rus, "Hyutanahan" [= Huitanaa], 11.1922,

S. M. Klages, 1 S (CMP). VENEZUELA:
Bolivar: Caura Val., C. W. Johnson Collec-

tion, 1 $ (MCZ) 1 2 (USNM).
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MORPHOLOGICAL DIFFERENCES IN GENITALIA OF
BRUCHOPHAGUS {UYMENOFTERA: CHALCIDAE) THAT INFEST
ALFALFA, RED CLOVER, AND BIRDSFOOT TREFOIL SEEDS

(HYMENOPTERA: EURYTOMIDAE)
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Abstract.— Morphology of female and male genitalia of Bruehophagus gibbus (Bohe-

man), B. roddi Gussaskovskii, and B. platypterus (Walker) was studied in specimens col-

lected in Arizona, California, Maryland, South Dakota, and Wisconsin from red clover

{Trifolium pratense L.), alfalfa (Medicago sativa L.), and birdsfoot trefoil (Lotus cornic-

ulatus L.), respectively.

Key Words: Bruchophagus, alfalfa, red clover, birdsfoot trefoil, genitalia

The name Bruchophagus funebris How-
ard was applied by Urbahns (1920) and So-

renson (1930) to eurytomids reared from

alfalfa {Medicago sativa L.) and red clover

{Trifolium pratense L.) seeds in the United

States during the early 1900s. After 1930

and until 1952, as pointed out by Strong

(1962), the name Bruchophagus gibbus

(Boheman) was indiscriminately applied to

eurytomids reared from seeds of legumes in

North America. However, as early as 1933

Russian entomologists reported a new spe-

cies, Bruchophagus roddi Gussakovskii,

from alfalfa seeds (Strong 1962). Fedoseeva

(1956) described Bruchophagus kolobovae

Fedoseeva from seeds of birdsfoot trefoil

(Lotus corniculatus L.) in Russia, and Neun-
zig and Gyrisco (1958) concluded that eur-

ytomids reared from birdsfoot trefoil seeds

in North America were B. kolobovae. Strong

(1962) studied male and female genitalia of

eurytomids reared from alfalfa, red clover,

and birdsfoot trefoil seeds and concluded

that three distinct species, B. roddi, B. gib-

bus, and B. kolobovae, respectively, infested

these legumes in North America. He used

the relative angle formed by the second rami

and the second valvifer to separate the three

species. Graham (1970) examined lecto-

types of eurytomids from red clover and

birdsfoot trefoil and concurred with Fedo-

seeva's (1956) and Strong's (1962) conclu-

sion that species from red clover and birds-

foot trefoil were not conspecific. Graham

(1970) compared lectotype females of ^vi'-

tole platyptera Walker with reared material

of B. kolobovae and considered them to be

conspecific. Strong ( 1 962) reported the male

genitalia of the three species were almost

morphologically identical, and Graham
(1970) found less evident differences be-

tween males than females of B. gibbus, B.

roddi, and B. platypterus.

The objectives of this research were to

describe the morphology of the female and

male genitalia of B. gibbus, B. roddi, and B.

platypterus collected in the United States

and to identify quantitative genitalia char-

acteristics, in addition to those described by

Strong (1962), that have taxonomic signif-

icance.
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Materials and Methods

Genitalia from 30 females and 20 males

of B. gibbus, B. roddi, and B. platypterus

were mounted on slides in Hoyer's solution

and observed at 100-1200 magnifications.

Data obtained for females were ovipositor

sheath length, number of ovipositor sheath

setae, number ofright and left ramus spines,

and number of eighth tergite setae. The
length of the reproductive apparatus was

determined for males.

Origins of the specimens studied were as

follows. For B. gibbus, 25 females and 10

males were from three different counties in

South Dakota, and five females and 10 males

were from Woodsboro, Maryland (Freder-

ick Co.). For B. roddi, 23 females and 1

1

males were from 10 different counties in

South Dakota, 5 females and one male were

from Fresno, California (Fresno Co.), 2 fe-

males were from Chandler, Arizona (Mari-

copa Co.) and eight males were from Mad-
ison, Wisconsin (Dane Co.). For B.

platypterus, 1 7 females and 1 1 males were

from Brookings, South Dakota (Brookings

Co.), and 1 3 females and 9 males were from

Madison, Wisconsin (Dane Co.).

Quantitative data were subjected to anal-

ysis of variance and means were compared
by the least significant difference at the 0.0

1

level.

Results and Discussion

Description of Genitalia Morphology

Bruchophagus gibbus

Female (Fig. 1): Second valvifers (Vf2)

with two setae near apodemes of laminated

bridge (Lam. Br.); rami spines (Ra.Sp.) range

from 30 to 36 on right valvifers (mean of

33.0 for 30 specimens) and from 24 to 36

on left valvifers (mean of 32.3 for 30 spec-

imens), spines widely spaced in laminated

bridge region, close together near fulcral

plate region; fulcral plate (Ful.Pl.) attach-

ment of ovipositor outer plate (Ops.Ot.Pl.)

near fulcral plate notch (Ful.Pl. Not.); fulcral

plate with deep notch, head region with

Fig. 1 . Female genitalia of Bruchophagus gibbus

(Boheman).

pointed apex; outer ovipositor plate fused

with eighth tergite (8th.Teg.), sclerotized,

plate in area near attachment of fulcral plate,

ventral area membranous; eighth tergite with

single row of setae, number of setae ranging

from 31 to 49 (mean of 38.6 for 30 speci-

mens); setal region plated similar to dorsal

fused area of outer ovipositor plate; eighth

tergite separated from ventral region of out-

er ovipositor plate by two dark striae that

extend from fused dorsal area of outer ovi-

positor plate to cercus (Ce.); eighth tergite

with a series of long setae beyond cercus,

similar in structure to other eighth tergite

setae located on epipygium (Ep.); cercus with

five setae of different sizes and shapes; ovi-

positor inner plate (Ops. In. PI.) separated

from second valvifers by darkened region

that connects apodemes of outer and inner

rami and apodemes oflaminated bridge; this

darkened area separates plated region on

inner ovipositor plate from membranous
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.Aeg. S Por.

Vt. Por.

.Aeg.

Dgi. Teth.
Dgi. Por.

Dgi.

Dgi. Apd.

Fus. Par. PI.

— J * Aeg. Apd.

Figs. 2, 3. Male reproductive apparatus of Bruchophagus gibbus (Boheman) dorsal and ventral respectively.

centers of second valvifers; second valvifer

rami fused with fulcral plate extending past

darkened region forming a groove in which

fulcral plate apex fits; above this groove are

four monitoring spines (Ful.Pl.Sp.); this re-

gion fused to rami apodemes forming shaft

for ovipositor (Ops.); inner ovipositor plate

with plated region extending to region of

fused ovipositor sheath (Ops.Sh.); ovipos-

itor sheaths not articulated, connected to

each other by ovipositor ligament

(Ops.Sh.Lg.); ovipositor sheath length (Fig.

4) 285 to 420 microns for 30 specimens;

ovipositor sheaths lightly striated; ovipos-

itor sheath setae (Ops.Sh. Set.) grouped to-

gether at apex with from 8 to 16 setae ex-

tending from apex setae toward ovipositor

sheath ligament area; ovipositor (Ops.) with

typical Bruchophagus teeth on the shaft with

a single median tooth followed by paired

lateral teeth.

Male {Figs,. 2, 3): Reproductive apparatus

with four dorsal aedeagal sensory pores

(Aeg.S.Por.), these paired or staggered, two

pairs located within aedeagal striae, aedea-

gal dorsal striae (Aeg.Dos.Str.) reaching sec-

ond aedeagal sensory pores; ventral apex of

aedeagus with three sensory pores on each

side, these smaller than dorsal sensory pores;

aedeagus (Aeg.) elongated; aedeagal appa-

ratus length measured (Fig. 4d) from digital

apodemes (Dgi.Apd.) 360 to 440 microns

(mean of 382 microns for 20 specimens);

aedeagus capable of extending beyond digi-

ti; attached to dorsal surface is aedeagal epi-

pygium ligament (Aeg.Ep.Lg.) (Fig. 4a, b),

that extends to epipygium (eighth tergite);

parameres with three setae; apex setae nor-

mally hidden between digiti and aedeagus;

paramere plate setae (Par.Pl.Set.) located on

outer margin ofcurved paramere plate; par-

amere plate setae next to apex seta longer

and larger than other paramere plate setae;

paramere plate setae located near fused par-

amere and volsellar plate (Vos.Pl.) similar

in size to apex paramere setae; digiti (Dgi.)
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Sf^--.

Ops. Sh

Ops. Sh. Set. _

Dgl Apd.

Fig. 4. a— Male reproductive apparatus with aedeagus epipygium ligament attached to aedeagus associated

with membranous sheath bearing two acorn-like setae, b— Male eighth tergite with attachment of aedeagus

epipygium ligament and membranous sheath, c— Ovipositor sheath showing how length is measured, d— Male

reproductive apparatus showing how length is measured.

Abbreviations: (Aeg.Ep.Lg.) Aedeagus epipygium ligament; (Aeg.) Aedeagus; (Ce.) Cercus; (8th. Teg.) Eighth

tergite; (Ops.Sh.) Ovipositor sheath; (Ops. Sh. Set.) Ovipositor sheath setae; (Dgi.Apd.) Digiti apodemes.

with two finger-like teeth and a rounded

projection on outer margin of molar, each

molar with a single pore on base; digital

apodemes (Dgi.Apd.) fused to aedeagal apo-

demes; (Aeg.Apd.); aedeagal apodemes pro-

trude from caulis (Ca.) dorsally; caulis, par-

amere plate and volsellar plate (Vos.Pl.)

fused, pigmentation darker on paramere

plate section that contains paramere plate

setae; center region of caulis transparent al-

lowing observation of aedeagal apodemes;

caulis forms opening on dorsal surface where

aedeagal apodemes protrude.

Bruchophagus roddi

Female (Fig. 5): Second valvifers (Vf2)

with two setae near apodemes of laminated

bridge (Lam. Br.); rami spines (Ra.Sp.) range

from 24 to 41 on right valvifer (mean of

28.6 for 30 specimens) and from 25 to 39

on left valvifer (mean of 28.5 for 30 spec-

imens); spines widely spaced in laminated

bridge region, close together near fulcral

plate (Ful.Pl.) region; fulcral plate attach-

ment of ovipositor outer plate (Ops.Ot.Pl.)

located near notch of fulcral plate; fulcral
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^-i- Ops. Sh. Set.

I_.Ep.

Fig. 5. Female genitalia of Bruchophagus roddi

Gussakovskii.

plate notch (Ful.Pl.Not.) deep; fulcral plate

apex pointed, fulcral plate margin bordering

rami of lower second valvifer with pro-

nounced rounded hump; apex offulcral plate

fits into notched ovipositor inner plate

(Ops.In.Pl.); ovipositor outer plate fused

with eighth tergite (8th.Teg.) lightly scler-

otized with plating concentrated on and

around eighth tergite region that contains

eighth tergite setae (8th.Teg.Set.); dorsal area

of ovipositor outer plate membranous;
eighth tergite with double row of setae,

number of setae range from 44 to 64 (mean
of 54.0 for 30 specimens); setal region plat-

ed similar to ventral area ofouter ovipositor

plate, plating absent on area near attach-

ment of outer ovipositor plate and fulcral

plate; eighth tergite separated from dorsal

region of outer ovipositor plate by two dark

striae that extend from fused ventral area

of ovipositor outer plate to cercus (Ce.);

eighth tergite with a series of long setae be-

yond cercus, similar in structure to other

eighth tergite setae, these associated with

epipygium (Ep.); cercus with five setae of

different lengths and sizes; ovipositor inner

plate (Ops.In.Pl.) separated from second

valvifers by darkened region that connects

apodemes of upper and lower rami of sec-

ond valvifers and apodemes of laminated

bridge; this darkened area separates plated

region of ovipositor inner plate from mem-
branous centers of second valvifers; lower

second valvifer ramus which articulates with

fulcral plate extends beyond darkened re-

gion and forms groove in which fulcral plate

apex fits; above groove are four monitoring

spines (Ful.Pl.Sp.); region fused forming

shaft for ovipositor (Ops.); ovipositor inner

plate with plated region extending to fused

ovipositor sheath (Ops.Sh.); ovipositor

sheaths not articulated, connected by ovi-

positor sheath ligament (Ops.Sh.Lg.); ovi-

positor sheath length (Fig. 4c) 250 to 330

microns (mean 276 microns for 30 speci-

mens); ovipositor sheath lightly striated;

ovipositor sheath setae (Ops.Sh. Set.)

grouped together at apex with from 6 to 1

6

setae extending from grouped apex setae to-

ward ovipositor sheath ligament area; ovi-

positor (Ops.) with typical Bruchophagus

teeth on shaft, with single median tooth fol-

lowed by paired lateral teeth.

Male (Figs. 6, 7): Reproductive apparatus

with four aedeagal sensory pores (Aeg.

S.Por.), these paired or staggered, one pair

located within striae region of aedeagus,

striae not reaching to second pair of sensory

pores; paired sensory pores may be close to

each other or spaced far apart (in B. roddi

the staggered position is the normal pat-

tern); aedeagal dorsal striae (Aeg.Dos.Str.)

ofdifferent lengths; ventral apex ofaedeagus

with three sensory pores on each side, these

smaller in size than dorsal sensory pores;

aedeagus (Aeg.) elongated length measured

(Fig. 4d) from digital apodemes (Dgi.Apd.)

240 to 315 microns (mean of 283 microns

for 20 specimens); aedeagus capable of ex-

tending beyond aedeagal digiti (Dgi.); at-

tached to dorsal surface is the aedeagal epi-

pygium ligament (Aeg.Ep.Lg.); parameres

with three setae; apex setae hidden between

digiti and aedeagus; paramere plate setae
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.Aeg.

__Aeg. dos- str

Fus. Par. PI.

Dor Opn. Shp.

> —4 ^^''- AP''-

Figs. 6, 7. Male reproductive apparatus ofBruchophagus roddi Gussakovskii, dorsal and ventral respectively.

(Par.Pl.Set.) located on outer margin of

curved paramere plate (Par. PI.); paramere

I_l_.Ra sp. setae next to apex seta longer and larger than
—^'^ other paramere setae; paramere setae lo-

- ''"'
''' ^p cated near fused paramere and volsellar plate

Fui. PI. Not
(Vos.Pl.) similar in size to apex paramere

setae; digiti (Dgi.) with two finger-like teeth

—Ops ot Pi
^nd ^ rounded projection on outer margin

ofmolar, molar region with single pore; dig-

y J

p«
"

^^^j apodemes (Dgi.Apd.) fused to volsellar

'\ i~
"^

plate; aedeagal apodemes (Aeg.Apd.) pro-

trude from caulis (Ca.) dorsally; caulis, par-

amere plate and volsellar plate fused; par-
^"^"^ ^^' amere plate region that contains paramere

T/'
°''^ ^^ "-a setae pigmented; caulis center region trans-

parent; caulis forms dorsal opening where

aedeagal apodemes protrude.

Bruchophagus playpterus

Fig. 8. Female genitalia of Bruchophagus platyp-

terus Walker.

Female (Fig. 8): Second valvifers (Vf2)

with two setae near apodemes of laminated

bridge (Lam. Br.); rami spines (Ra.Sp.) range
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from 18 to 29 on right valvifer (mean of

24.6 for 30 specimens), and from 19 to 28

on left valvifer (mean of 24.3 for 30 spec-

imens); spines widely spaced in laminated

bridge region, close together near fulcral

plate (Ful.Pl.) region; fulcral plate attach-

ment of ovipositor outer plate (Ops.Ot.Pl.)

located near apex of fulcral plate; fulcral

plate notch (Ful.Pl.Not.) deep; fulcral plate

apex pointed; fulcral plate margin bordering

rami of lower second valvifer without pro-

nounced rounded hump; apex offulcral plate

fits into notched ovipositor inner plate

(Ops. In.PL); ovipositor outer plate fused

with eighth tergite (8th.Teg.) sclerotized with

plating extending to attachment of outer

ovipositor plate and second valvifer (plating

may be absent or lightly marked); dorsal

area of ovipositor outer plate membranous;

eighth tergite with double row of setae;

number of setae range from 37 to 67 (mean

of 51.2 for 30 specimens); setal region of

eighth tergite plated; eighth tergite with a

series of long setae beyond cercus, similar

in structure to other eighth tergite setae, these

associated with epipygium (Ep.); cercus with

five setae of different lengths and sizes; ovi-

positor inner plate (Ops. In. PI.) separated

from second valvifers by darkened region

that separates plated region of ovipositor

inner plate from membranous center of sec-

ond valvifers; lower second valvifer ramus

which articulates with fulcral plate extends

beyond darkened region forming a groove

in which fulcral plate apex fits; above groove

are four monitoring spines (Ful.Pl.Sp.); this

region fused forming shaft for ovipositor

(Ops.); ovipositor inner plates plated region

extends to fused ovipositor sheath (Ops.Sh.);

ovipositor sheath not articulated, connected

by ovipositor sheath ligament (Ops.Sh. Lg.);

ovipositor sheath length (Fig. 4c) 1 85 to 220

microns (mean of 208 microns for 30 spec-

imens); ovipositor sheath lightly striated;

ovipositor sheath setae (Ops.Sh. Set.)

grouped together at apex with from 4 to 1

2

setae extending from grouped apex setae to-

ward ovipositor sheath ligament area; ovi-

positor (Ops.) with typical Bruchophagus

teeth on shaft, with single median tooth fol-

lowed by paired lateral teeth.

Male (Figs. 9, 10): Reproductive appa-

ratus with four aedeagal sensory pores

(Aeg.S.Por.), these paired or staggered,

paired pores may be close to each other or

spaced far apart; normal spacing is far apart;

aedeagal striae absent; aedeagal ventral apex

with three pairs of sensory pores on each

side, these smaller in size than aedeagal dor-

sal sensory pores; aedeagus (Aeg.) elongat-

ed, length measured (Fig. 4d) from digital

apodemes (Dgi.Apd.) 260 to 300 microns

(mean of 279 microns for 20 specimens);

aedeagus capable of extending beyond ae-

deagal digiti (Dgi.); aedeagal epipygium lig-

ament present; parameres with three setae;

apex setae hidden between digiti and ae-

deagus; paramere plate setae (Par.Pl.Set.)

located on outer margin ofcurved paramere

plate; paramere setae next to apex setae

longer and larger than other paramere setae;

paramere setae located near fused paramere

and volsellar plate (Vos.Pl.); similar in size

to apex paramere setae; digiti (Dgi.) with

two finger-like teeth and a rounded projec-

tion on outer margin of molar, molar with-

out pores; digital apodemes (Dgi.Apd.) fused

to volsellar plate; aedeagal apodemes
(Aeg.Apd.) protrude from caulis (Ca.) dor-

sally; caulis, paramere plate and volsellar

plate fused; paramere plate region contain-

ing paramere setae pigmented; caulis forms

dorsal opening where aedeagal apodemes

protrude.

Key to Females and Males of

Bruchophagus gibbus, B. roddi

and B. playpterus Uslng
Reproductive Structures

Females

1 . Ovipositor sheath length greater than 310 mi-

crons (Fig. 4c); eighth tergite with a single row

of setae (Fig. 1 ) B. gibbus

Ovipositor sheath length less than 310 mi-

crons; eighth tergite with paired setae form-

ing a double row (Figs. 5, 8) 2
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Vt. Por.

I.~___l_-Dgl. Por.

Dgi. Apd.

Fu8. Par. PI.

Vos. PI.

;.__L__^ Aeg. Apd.

Figs. 9,10. Male reproductive apparatus ofBruchophagus platypterus Walker, dorsal and ventral respectively.

Abbreviations used for female genitalia of all three species; (Lam.Br.) Laminated bridge; (Ra.) Ramus; (Ra.Sp.)

Ramus spines; (Vf2) 2nd Valvifer; (Ful.Pl.Sp.) Fulcral plate spines; (Ful.Pl.Not.) Fulcral plate notch; (Ful.Pl.)

Fulcral plate; (Ops.In.Pl.) Ovipositor inner plate; (Ops.Ot.Pl.) Ovipositor outer plate; (Ops.) Ovipositor; (8th.Teg.)

8th tergite; (8th.Teg.Set.) 8th tergite setae; (Ops.Sh.Lg.) Ovipositor sheath ligament; (Ops.Sh.) Ovipositor sheath;

(Ops.Sh.Set.) Ovipositor sheath setae; (Ce.) Cercus; (Ep.) Epipygium.

Abbreviations used for male reproductive apparatus of all three species, dorsal and ventral: (Aeg.) Aedeagus;

(Aeg.Dos.Str.) Aedeagal dorsal striae; (Aeg.S.Por.) Aedeagal sensory pore; (Par.Pl.Set.) Paramere plate setae;

(Fus.Par.Pl.) Fused paramere plate; (Vos. PI.) Volsellar plate; (Ca.) Caulis; (Aeg.Apd.) Aedeagal apodemes;

(Dor.Opn.Shp.) Dorsal opening shape; (Vt.Por.) Ventral pores; (Dgi.) Digiti; (Dgi.Teth) Digiti teeth; (Dgi.Apd.)

Digiti apodemes.

2. Ovipositor sheath length between 260 and 290

microns in length B. roddi

Ovipositor sheath length less than 225 mi-

crons in length B. platypterus

Males

1. Aedeagus with striae associated with one or

more pairs of dorsal sensory pores; dorsal sen-

sory pore pairs close together (Figs. 2, 6) ... 2

Aedeagus without striae associated with

dorsal sensory pores (Figs. 9, 10); length of

reproductive apparatus less than 325 mi-

crons (see Fig. 4d); dorsal sensory pore pairs

separated from each other by more than half

the length of aedeagus B. platypterus

2. Aedeagus striae encompassing both pairs of

dorsal sensory pores (Fig. 2); length of repro-

ductive apparatus greater than 350 microns (see

Fig. 4d); dorsal opening shape as shown in Fig.

2 B. gibbus

Aedeagus striae not encompassing both pairs

of dorsal sensory pores (Fig. 6); length of

reproductive apparatus less than 350 mi-

crons (see Fig. 4d); dorsal opening shape as

shown in Fig. 6 B. roddi

The aedeagus epipygium ligament

(Aeg.Ep.Lg.) (Fig. 4b) is here for the first

time given a name. This structure was re-

ferred to by McDaniel and Boe (1990) as a

covering attached to the eighth tergite and

reference was made to the small setae that

covered the structure. The aedeagus epi-
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Table 1. Means and standard deviations of quantitative female genitalia characteristics for B. gibbus, B.

roddi, and B. platypterus.

Species Ovipositor Sheath Length Rami Spines Ovipositor Sheath Setae Eighth Tergite Setae

B. gibbus

B. roddi

B. platypterus

microns

349 ± 37a'

276 ± 16b

208 ± 12c

No.

65.3 ± 3.9a

57.1 ± 6.5b

48.9 ± 4.9c

No.
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eye the shape of the darkened region be-

tween the valvifers is diagnostic.

Analysis of Quantitative Characters

Highly significant (P less than 0.01) dif-

ferences were found among the three species

for ovipositor sheath length, number oframi

spines, number of ovipositor sheath setae,

number of eighth tergite setae, and male

reproductive apparatus length (Tables 1 , 2).

Ovipositor sheath length was significantly

longer for B. gibbus than B. roddi and sig-

nificantly longer for B. roddi than B. pla-

typterus. The same relationships between

species were observed for numbers of rami

spines and ovipositor sheath setae (Table

1). Number of eighth tergite setae was sig-

nificantly higher for B. roddi and B. platyp-

terus than B. gibbus.

Male reproductive apparatus length was
significantly greater for B. gibbus than B.

roddi or B. platypterus (Table 2). The ap-

paratus of5. gibbus was approximately 35%
longer than those of the other two species.

Although significant differences were
found among species for the four female and
single male genitalia characteristics, the use-

fulness of any single characteristic for tax-

onomic purposes is limited by relatively

wide ranges of intraspecific variation. For

example, the ovipositor sheath length of23%
of the B. roddi individuals fell within the

range for B. gibbus, but no overlap was found

for B. gibbus and B. platypterus. A similar

relationship between species was also ob-

served for number of rami spines. Ranges

overlapped for B. roddi and B. gibbus as well

as B. roddi and B. platypterus, but ranges of

B. gibbus and B. platypterus did not. Length

ofthe male reproductive apparatus was use-

ful for separating B. gibbus from B. roddi

and B. platypterus since the length of the

shortest B. gibbus apparatus was approxi-

mately 50 microns longer than the longest

apparatus for B. roddi and B. platypterus.

Overlaps in the ranges of all three species

were observed for numbers of ovipositor

sheath and female eighth tergite setae. How-
ever, B. roddi and B. platypterus can be sep-

arated from B. gibbus by arrangement of

eighth tergite setae. B. roddi and B. platyp-

terus have a double row of eighth tergite

setae compared to a single row for B. gibbus.

We observed the relative angle formed by

the second rami and second valvifers used

by Strong (1962) to separate the three spe-

cies. We concur with his observations but

found this angle to be influenced by the

amount of pressure applied during slide

preparation. Strong (1962) also pointed out

that the male genitalia of B. gibbus were

significantly larger than those of B. roddi

and B. platypterus. However, he examined

only 3 specimens of 5. platypterus and thus

was not able to accurately compare the size

ofthe aedeagi of 5. roddi and B. platypterus.

These data indicated large interspecific

quantitative differences in male and female

genitalia characteristics oiB. gibbus, B. rod-

di, and B. platypterus. However, they also

revealed substantial intraspecific variation

that makes species separation based strictly

on quantitative genitalia characteristics

somewhat difficult. We have described mor-

phological differences among species for ar-

rangement of eighth tergite setae on the fe-

males and aedeagal striae on the males that

are useful for separating these three species.

These traits, when used in combination with

the easily measured quantitative traits, pro-

vide additional guidelines for researchers

who are uncomfortable with Strong's ( 1 962)

characters for separation of the three spe-

cies.
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Abstract.—ThQ nomenclature of the 35 North American species of Charipidae is re-

viewed. The following new synonymies are proposed: Allotria ambwsiae Ashmead, 1898,

Glyptoxysta necans Kieffer, 1909, Bothrioxysta numidica Kieffer, 1909, and Charipsfla-

vipes lonescu, 1963 = Phaenoglyphis villosa (Hartig), 1841; Alloxysta vandenboschi An-
drews, 1978 = Alloxysta obscurata (Hartig), 1840; Allotria tritici Fitch, 1861 and Charips

areolata Kieifer, 1909 = Alloxysta victrix (Westwood), 1833. Synonymic checklists are

presented for the North American species, and those in the primarily Old World genera

Apocharips and Dilyta. Characters previously used to separate the Charipinae and Allox-

ystinae are reviewed and illustrated (several are unreliable), and an illustrated key to the

five genera in the family is provided. Adelixysta Kierych, 1988 is synonymized with

Alloxysta Forster, 1869. A new species, Dilyta rathmanae, is described from the state of

Washington; it is the first valid North American member of the genus. D. rathmanae is

a hyperparasitoid of pear psylla, and its biology is summarized.

Key Words: Insecta, Hymenoptera, Charipidae, Dilyta, Alloxystinae, Charipinae

The Charipidae has five genera and about Department of the University of Arkansas,

200 vahd species that are hyperparasitoids Fayetteville. The syntypes of necans as well

of Homoptera, mostly aphids. Dilyta and as Charips areolata Kieffer and Lytoxysta

Apocharips, containing about ten species, brevipalpis Kieffer were found there. Ex-

have been reared only from psyllids. Ex- amination of «^c<3A25showed it isnotaD/Vy-

amination by Menke of material from the ta, but a synonym of the holarctic Phaeno-

state of Washington, reared from psyllids glyphis villosa (Hartig). Thus, Rathman's
by Robin Rathman, indicated that it be- wasp is the first valid Dilyta in the New
longed to Dilyta, but that it was not the World and is undescribed.

widespread European subclavata Forster. The nearctic genera that are hyperparasit-

In the catalog of Hymenoptera of North oids ofaphids {Alloxysta, Phaenoglyphis and
America, Burks (1979) listed only one spe- Lytoxysta) were revised by Andrews (1978).

cies of Dilyta, necans Kieffer (1909), de- However, he did not treat several North
scribed from Massachusetts, the syntypes of American species, including Alloxysta tritici

which had never been examined by any au- (Fitch) (1861), the oldest name in our fauna,

thor. Andrews ( 1 978) suggested that the type Andrews established considerable new syn-

material of species described in Kieffer's onymy, but did not appreciate the holarctic

( 1 909) paper might be at the Entomology nature of some species. His paper includes
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a world catalog of the aphid hyperparasi-

toids but it is incomplete; he excluded Dil-

vta, believing it belonged to a "new subfam-

ily."

Burks (1979) cataloged the nearctic Cha-

ripidae (as Alloxystidae), but he did not in-

clude the new taxa or synonymy ofAndrews

(1978), or the synonymy ofEvenhuis ( 1973)

and Evenhuis and Barbotin (1977). Subse-

quently Evenhuis (1982), Evenhuis and

Kiriak(1985), Evenhuis and Barbotin (1987)

and Fergusson (1986) established new syn-

onymies for European species, especially in

Alloxysta. A few charipids are now known
to be holarctic, and some of the synonymy
by these authors directly affects the North

American fauna.

In this paper we describe the first valid

North American species of Dilyta, and in-

clude a biological summary of it written by

Robin Rathman and G. Paulson. Their

summary conclusively demonstrates that the

new species is a hyperparasitoid. The Eu-

ropean D. subclavata is often cited as a pri-

mary parasitoid, although Herhard (1986)

considers it a hyperparasitoid. Another as-

pect ofthis paper is the presentation ofnotes

on the status and generic placement ofsome
charipid species, and the designation of lec-

totypes for several. We also provide syno-

nymic checklists for North American gen-

era; the checklists for Dilyta and Apocharips

include all currently recognized species.

Complete citations for the 35 North Amer-
ican charipid species are not given here be-

cause they occur elsewhere (Andrews 1978,

Burks 1979, Fergusson 1986, etc.). Our syn-

onymy is largely derived from the previ-

ously cited papers, but some is new.

A key to the five valid genera of Charip-

idae is presented because: 1) Hemicrisis

Forster was synonymized by Evenhuis

(1973), and 2) Apocharips Fergusson (1986)

and Adelixysta Kierych (1988) were recently

described. We synonymize Adelixysta with

Alloxysta here. Bothriocynips (Diaz 1979)

from South America, has been attributed to

the Charipidae, but from her illustrations

and the fact that the female has 1 1 and the

male 13 flagellomeres, the genus appears

misassigned; it may be a eucoilid. Bothrio-

cynips was taken from an ant nest, a habitat

atypical of charipids.

Taxonomic History and Characters

The family name has vacillated between

Alloxystidae and Charipidae. The history of

this, and the confusion that has existed over

type species of certain genera, has been out-

lined by Quinlan and Evenhuis (1980) and

Fergusson (1986). The oldest family-group

name, "AUotriina" Thomson (1862: 397,

406), based on the junior homonym Allotria

Westwood, is unavailable under the pro-

visions of Article 39 of the 1985 edition of

the Code of the International Commission
on Zoological Nomenclature. Incidently,

Quinlan and Evenhuis (1980) and Fergus-

son (1986) attribute the name Allotriinae to

Forster (1869), but Thomson's usage of the

name is older. The next available family-

group name is Charipinae Dalla Torre and

Kieffer, 1910, based on Charips Haliday.

Although Charips is a junior synonym of

Dilyta Forster, the family-group names
Charipidae and Charipinae remain avail-

able under the provisions of Article 40 of

the Code. The name Alloxystidae, which

has been commonly used for the family un-

til recently, is much younger, being pro-

posed in 1931 by Hellen.

The genera were segregated into two sub-

families by Kierych (1979b): Alloxystinae

and Dilytinae (= Charipinae). Biology sup-

ports this grouping; the alloxystines are hy-

perparasitoids of aphids and the charipines

are hyperparasitoids of the Psylloidea (no

other Cynipoidea are associated with Ho-

moptera, and we regard the biology of cha-

ripids as an apomorphy for the family). Kie-

rych (1979b) described and illustrated the

two subfamilies (see also Kierych 1979a).

The important differences between Allox-

ystinae and Charipinae noted by Kierych

are summarized on Table 1.

Some of Kierych's characters are unreli-
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Table 1. Kierych's (1979a, b) diagnostic characters for charipid subfamilies.

Alloxystinae Charipinae

Antennal flagellomeres

Mandibular teeth

Frontoclypeal sulcus

Pronotum

Scutellum

Marginal cell

Gastral terga I-II

Spiracles of gastral tergum VI

all separated by constrictions

three at apex

present

with or without two anterior cari-

nae

rounded apically, without carinae

closed or open

approximately equal

widely separated

last two flagellomeres broadly

joined

two at apex

absent

with pair of carinae

with carinae apically that form a

projection

open

fused or I very small

narrowly separated at midline

able for defining the two subfamilies. An-
tennal differences are questionable when the

New World genus Lytoxysta is examined;

the flagellomeres are broadly joined

throughout (Figs. 1 , 7-9), but this condition

may be a homoplasy. Kierych (1979b) in-

dicated that the mandible was tridentate in

Alloxystinae and bidentate in Charipinae,

but this differs bilaterally in the few Allox-

ysta and Lytoxysta that we examined. Typ-

ically the left mandible has one less tooth.

The right mandible has two large teeth, and

one or two much smaller ones. The left

mandible has two large teeth and sometimes

a third small one. In Dilyta both mandibles

have two large teeth, but the inner one on

the left mandible is very broad. Similar

mandible asymmetry was noted in Ibalia

(Ibaliidae) by Ronquist and Nordlander

(1989). Thus, the number of mandibular

teeth, even if restricted to one mandible, is

not useful in delineating subfamilies. The
frontoclypeal sulcus varies in Alloxysta from

present to evanescent; the sulcus is absent

in Lytoxysta. The forewing marginal cell (see

especially Alloxysta) and pronotal charac-

ters vary in Alloxystinae and are therefore

unreliable subfamily features.

The remaining characters (presence or ab-

sence of scutellar carinae apically, form of

terga I and II, and location of the spiracles

on tergum VI), and host differences, are the

only reliable delimiters of the two subfam-

ilies.

The scutellar difference between Charip-

inae and Alloxystinae has not been used

since Kierych introduced it, but the pro-

truding carinae found in Dilyta (inverted

U-shaped, Figs. 13, 14) and Apocharips

(M-shaped, Figs. 11, 12) support recogni-

tion of the Charipinae. Presumably the

presence of these carinae is an apomorphy.

Fergusson (1986) indicated that the scutel-

lum in Apocharips is also margined laterally

by a carina, but none is visible in SEM pho-

tographs of our material (Fig. 1 2). The re-

duction oftergum I or complete fusion with

II, and the narrowly separated spiracles on

tergum VI in Charipinae are also synapo-

morphies. Although the Charipinae is de-

fined by synapomorphies, none are known

Figs. 1-9. Antennal details. 1, female oi Lytoxysta brevipalpis. 2, female oi Alloxysta sp. 3, male oi Dilyta

rathmanae. 4, last four flagellomeres of female Lytoxysta brevipalpis. 5, last four flagellomeres of female Alloxysta

sp. 6, last four flagellomeres of female Dilyta rathmanae. 7-9, female Lytoxysta brevipalpis; 7, scape, pedicel

and flagellomere I; 8, flagellomeres I-III; 9, flagellomeres IV-VI (note that hexagonal reticulation diminishes

on VI).
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for the AUoxystinae, and the latter is prob-

ably paraphyletic.

Lytoxysta is the most distinctive genus in

the family, differing from all others in: lack-

ing a triangular depression on the meso-

pleuron (Fig. 1 6); having a fine, more or less

hexagonal reticulate sculpture on the head,

antenna, thorax and legs (Figs. 7-9, 15, 16,

21); having a tight cluster of special setae

on the back of the head that is opposed by

a similar group of setae on the anterolateral

area of the pronotum (Fig. 1 5); having all

flagellomeres connate; and lacking long

fringing setae around the apical half of the

forewing. All of these character states with

the possible exception of the form of the

antenna, are probably apomorphies. The
marginal cell of Lytoxysta is open on three

sides (only 2r and part of RS present. Fig.

24), but an incomplete cell is not unique to

the genus.

Although Lytoxysta is substantially dif-

ferent from all other genera in the family,

it can be assigned to the AUoxystinae on the

basis of its simple scutellum, the approxi-

mately equal size of gastral terga I-II, and
broadly separated spiracles on tergum VI,

all presumed pleisomorphies. But this

placement only emphasizes the paraphylet-

ic nature of AUoxystinae. Moreover, the

thoracic makeup of Lytoxysta, including

general shape, is obviously quite different

from the other alloxystine genera (compare

Fig. 16 with 17, 18). Although the autapo-

morphies of Lytoxysta suggest that the ge-

nus could be placed in its own subfamily,

recognition of three subfamilies for the five

charipid genera is taxonomically irrational.

More likely no subfamilies should be rec-

ognized in Charipidae.

Key TO Genera of Charipidae

L Mesopleuron without triangular depression

dorsally (Fig. 1 6); forewing margin without long

fringing setae apically; head and thorax with

fine reticulate sculpture (Figs. 7, 15); North

America Lytoxysta Kieffer

- Mesopleuron with triangular depression dor-

sally (Figs. 1 7-20); forewing margin with long

fringing setae apically; head and thorax usually

smooth, polished (Figs. 17-20) 2

2. Lower part ofmesopleuron with horizontal sul-

cus (Fig. 17); scutum sometimes with notauli;

scutellum usually with pair of large foveae ba-

sally (Fig. 22); holarctic . . . Phaenoglyphis Forster

- Mesopleuron without horizontal sulcus (Figs.

18-20); scutum without notauli; scutellum

without basal foveae (Fig. 23) 3

3. All flagellomeres separated by constrictions,

antenna moniliform (Figs. 2, 5); visible gaster

represented by at least two large terga whose

dorsomedian lengths are subequal (Fig. 27);

apex ofscutellum rounded, without carinae (Fig.

10) Alloxysta Forster

- Last two flagellomeres broadly joined, preced-

ing flagellomeres with constrictions between

them (Figs. 3, 6, 34, 35, 38, 39); visible gaster

represented single tergal plate (Figs. 29-32), or

iftwo, then basal one much shorter than second

along middorsal line (Fig. 28); apex of scutel-

lum with M or inverted U-shaped carina (Figs.

12, 14) 4

4. Gaster with small basal tergum (Fig. 28); inner

(Ri) and outer veins of forewing marginal cell

essentially reaching wing margin (Fig. 25); Old

World Apocharips Fergusson

- Gaster without small basal tergum (Figs. 29-

32); inner vein (R,) of forewing marginal cell

often not reaching wing margin (Fig. 26); Hol-

arctic and Ethiopian Regions Dilyta Forster

SPECIES NOTES

Subfamily AUoxystinae

Genus Phaenoglyphis Forster

Phaenoglyphis ambrosiae (Ashmead)

Allotria ambrosiae Ashmead, 1898: 156.

Lectotype female, Cambridge, Mass.,

designated by Andrews (1978); in Na-
tional Museum of Natural History,

Washington, D.C.

Andrews (1978) placed ambrosiae in

Phaenoglyphis after studying the types. He
did not realize, however, that it was a junior

synonym of the European species villosa

(Hartig) (New Synonymy), now known to

be holarctic.

The two Ashmead syntypes are mounted
on a single point, and Andrews ( 1 978) claims

to have placed a lectotype label on the pin,

with the indication that the specimen clos-

est to the tip of the point is the type. How-
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Figs. 10-14. Details of scutellum, metanotum and adjacent structures. 10, Alloxysta megourae, left three-

quarter rear view, arrow points to apical edge of scutellum. 11, 12, Apochahps trapezoidea; 11, left profile,

arrows point to apical carinae of scutellum; 12, left three-quarter rear view, arrows point to M-shaped carina.

13, 14, Dilyta rathmanae; 13, left profile, arrow points to apical carina; 14, left three-quarter rear view, arrow

points to inverted U-shaped carina.
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Figs. 21-23. Dorsum of head and thorax. 21, Lytoxysta hirvipalpi.s. 22, I'liacnof^lyphis sp., arrow points to

scutcllar fovcae. 23, Alloxysta sp.

ever there is no such label. We have placed

a leclolype label on the pin with Andrews'

name.

Andrews (1978) noted that males are very

rare in North American populations of this

species (as ambwsiae). Of 158 specimens

studied only 3 were males, and only females

were obtained by him in rearing experi-

ments and from Malaise traps. Andrews
suggested that the species was parthcnoge-

netic, and his dissection of the female re-

vealed no spermatheca, supporting his con-

tention. In Europe villosa reproduces

sexually, and the first male flagellomere is

bent. According to Andrews (1978: fig. 46)

flagellomere I in North American males is

straight, suggesting that his specimens may
have been misassociated. Rearing experi-

ments are needed to ascertain the true sex

ratios of villosa in North America.

Phaenoglyphis americana Baker

Phaenoglyphis americana Baker, 1896: 131.

Lectotype male. Fort Collins, Colorado,

present designation; in National Museum
of Natural History, Washington, D.C.

Andrews (1978: 35) misidentified the

above specimen as a female. He also treated

it as the holotype in spite of indicating that

a second syntype is in the Cornell Univer-

sity collection. We have placed a lectotype

label on the USNM specimen.

Phaenoglyphis flavipes (lonescu),

Nkw Combinaiion

Charips flavipes lonescu, 1963: 174. Holo-

type male, Nehoiu, Romania; in Institute

of Biology, Academy of the Rumanian
People's Republic, Bucharest.

In a letter to Evenhuis in 1971, lonescu

indicated that the male type of flavipes has

a transverse sulcus on the mesopleuron, and

a pair of foveae basally on the scutellum.

These features assign flavipes to the genus

Phaenoglyphis. The illustrations of the an-

tenna in lonescu (1963, 1969) clearly in-

dicate that flavipes is a synonym of villosa

(Hartig) (Nkw Synonymy). Although lo-

nescu describes the marginal cell as closed,

it is open basally in villosa but often difhcult

to ascertain. The scutum lacks notauli and

the second abdominal tergum is much long-

er than the first along the midline.
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24 LYTOXYSTA BREVIPALPIS

25 APOCHARIPS TRAPEZOIDEA

26 DILYTA RATHMANAE

Figs. 24-26. Right forewing (setae not shown).



VOLUME 93, NUMBER 1 145

Phaenoglyphis necans (KieflFer),

New Combination

Glyptoxysta necans Kieffer, 1909: 481.

"Forest Hills," Mass., col. by "Hay-

hurst," ex "Aphis rumicis L.?" on '"Che-

nopodium album.'''' Lectotype female with

no locality data, just the number 385 and

a label with the species name, present des-

ignation; in University of Arkansas, Fay-

etteville.

Burks (1979) placed necans in Dilyta sim-

ply because Glyptoxysta was a generic syn-

onym. The syntypes indicate however, that

necans is a member of the genus Phaeno-

glyphis and also a junior synonym of the

common European (and holarctic) villosa

(Hartig) (New Synonymy).
The University ofArkansas possesses two

female syntypes. Neither has any labels that

identify them as type material of necans,

but they are glued to the same distinctive

paper points used for Kieffer's Lytoxysta

brevipennis and Charips areolata. Both
specimens have an identification label in-

scribed with the name Glyptoxysta necans.

These labels were probably placed on the

material by someone other than Kieffer.

Each specimen also has a label with the

number 385. Similar numbers appear on the

type material of other species described in

the same paper, and we are confident that

these two specimens are Kieffer's syntypes

of necans. One with most of the right an-

tenna missing has been labeled as lectotype.

Phaenoglyphis numidica (Kieffer),

New Combination

Bothrioxysta numidica Kieffer, 1909: 482.

Holotype female, "Algerien, Blidah, im
Juli (Quedenfeld)"; in Zoologisches Mu-
seum der Humboldt-Universitat, Berlin.

Kieffer described numidica from a single

female, and in 1984 Evenhuis examined the

type and found it to be a synonym of

Phaenoglyphis villosa (Hartig) (New
Synonymy). The type has two labels that

read ""Charips numidica K." and "Blidah-

Medeah, Algerien, Juli-August 84, Queden-
feldt." The last label is on blue paper. Ev-

enhuis placed two additional labels on the

type: "holotype 1984, H. H. Evenhuis" (or-

ange paper) and '"Phaenoglyphis villosa

(Hartig) female, det. H. H. Evenhuis 1984"

(white paper).

Genus Alloxysta Forster

Alloxysta alaskensis Ashmead

Alloxysta alaskensis Ashmead, 1902: 142.

Lectotype female, Muir Inlet, St. Paul Is-

land, Alaska, designated by Andrews

(1978) unknowingly; in National Muse-

um ofNatural History, Washington, D.C.

Andrews (1978: 53) regarded the above

lectotype as the holotype, but it was actually

one of five syntypes (3 males, 2 females).

According to Article 74(b) of the Code, An-

drews' recognition ofa holotype constituted

a lectotype designation. We have placed a

lectotype label on the specimen. The right

antenna past the scape is missing, as is the

abdomen and the right legs beyond the cox-

ae. The other syntypes present in the USNM,
two males, are in worse condition.

Alloxysta areolata (Kieffer)

Charips areolata Kieffer, 1 909: 48 1 . "Forest

Hills," Massachusetts, col. "Hayhurst."

Ex an aphid "'Macrosiphum sp.?" Lec-

totype female, labelled Forest Hills, Mass.,

present designation; in National Museum
of Natural History, Washington, D.C.

This species was not treated by Andrews

(1978) although the name appears in his

catalog as a species of Alloxysta. Burks

(1979) also listed the name in Alloxysta.

Kieffer had eight syntypes oi areolata; one

is in the University of Arkansas collection

and four are in the National Museum of

Natural History collection. The latter were

apparently obtained by Lewis Weld in 1924

via an exchange with the University of Ar-

kansas. All of the specimens are identical

with the widespread species Alloxysta vic-

trix (New Synonymy). We have selected



146 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

one of the USNM specimens as the lecto-

type. The left antenna is gone. The lectotype

has a machine-printed label "Forest Hills,

Mass." and the date May 29, 1909. This

specimen and the others have a second label

written in ink with the number 384, and a

third greenish gray label. Only the lectotype

has locality data. The University of Arkan-

sas specimen has a handwritten label, ap-

parently by Kieffer, that says "Charips ar-

eolata K Alle mit Griinem Zettel."

Alloxysta circumscripta (Hartig)

Xystus circumscripta Hartig, 1841: 352.

Lectotype female, no locality, designated

by Evenhuis, 1982; in Zoologisches

Staatssammlung, Munich.

Alloxysta circumscripta (Hartig), a Eu-

ropean wasp, was synonymized under vic-

trix by Fergusson (1986) without any dis-

cussion, but the species is quite distinct (New
Status). Unlike victrix, circumscripta lacks

pronotal carinae and the pronotum is cov-

ered with vestiture except for a longitudinal

glabrous strip at the middle. The pronotum
of victrix is more broadly glabrous at the

middle and has carinae.

Alloxysta fuscicornis (Hartig),

New Status

Xystus fuscicornis Hartig, 1841: 350, 352.

Lectotype female, Braunschweig, Ger-

many, designated by Evenhuis, 1982; in

Zoologische Staatssammlung, Munich.

Allotria ancylocera Cameron, 1 886: 85. Ho-
lotype male, Carruber Glen, Scotland; in

British Museum (Natural History).

Allotria brassicae kshmtdid, 1887: 14. Lec-

totype female, Jacksonville, Florida, des-

ignated by Evenhuis, 1974; in National

Museum of Natural History, Washing-

ton, D.C.

Allotria infuscata Kieffer, 1902a: 16. Lec-

totype male, Amiens, France, designated

by Evenhuis and Barbotin, 1987; in Mu-
see de Picardie, Amiens.

Alloxysta fuscicornis and its synonyms

were synonymized under the common hol-

arctic species victrix (Westwood) by Fer-

gusson (1986). He stated that color, es-

pecially of the head, is unreliable for

separating species of Alloxysta, especially

victrix and its relatives. He also said that

the length of the flagellomeres varies with

body size, and "must be used with care."

Although victrix 2in6^fuscicornis are similar,

Evenhuis has found that they are quite dis-

tinct when reared from the mummies of

Macrosiphum rosae (Linnaeus), and related

species, as well as Brevicoryne brassicae

(Linnaeus). Alloxysta victrix is larger, and

the head is yellowish or reddish with the

vertex darker. The head is quite dark in

fuscicornis and the antennae and legs are

darker than in victrix. The antennal flagel-

lomeres are comparatively longer in victrix.

On this evidence, Evenhuis hereby resur-

rtcis fuscicornis from synonymy with victrix

(New Status). It is possible that Fergusson

simply confused a number of similar spe-

cies, but clearly the status oifuscicornis and

victrix needs further careful study.

Alloxysta hayhursti (Kieffer)

Charips hayhursti Kieffer, 1909: 481. "For-

est Hills," Mass., ex ''Aphis atriplicis,''

col. "Hayhurst."

Andrews (1978: 74) listed this name in

the synonymy ofAlloxysta xanthopsis (Ash-

mead), but did not indicate new synonymy
or give evidence for treating the species as

a synonym. Apparently no Kieffer speci-

mens exist at the University of Arkansas

and none are to be found in the USNM. The
identity of hayhursti thus remains in doubt.

Alloxysta ignorata (Kieffer)

Allotria testacea Hartig of Cameron, 1889:

56. Misidentification.

Allotria testacea Hartig of Cameron, 1890:

250. Misidentification.

Allotria castanea Hartig of Cameron, 1890:

256. Lapsus for testacea.

Dilyta ignorata Kieffer, 1900: 1 14. Replace-
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ment name for Allotria testacea of Cam-
eron, nee Hartig, 1841.

Cameron (1889, 1890) misidentified a

species that had an open marginal cell as

testacea Hartig (Quinlan 1978a, transferred

testacea Hartig to Synergus in Cynipidae).

Hartig's (1841) description leaves no doubt

that testacea has a closed marginal cell.

Aware of this, Kieffer (1900) proposed a

replacement name for Cameron's "testa-

cea." Quinlan (1978b) tried to locate type

material of ignorata under the name testa-

cea in the BMNH, but was unsuccessful.

Cameron (1890) used the name testacea in

his key to species, but in the same work the

name castanea appears where testacea ought

to be listed in the enumeration of species.

Thus the type material of ignorata may be

labeled "castanea," not "testacea."

Kieffer ( 1 902b) and Dalla Torre and Kief-

fer (1910) placed ignorata in the genus Al-

loxysta, and it is likely that the species is

correctly assigned to that genus, rather than

Dilyta.

Alloxysta rufipleura Baker

Alloxysta rufipleura Baker, 1896: 135. Lec-

totype male, Fort Collins, Colorado, pres-

ent designation; in National Museum of

Natural History, Washington, D.C.

Andrews (1978: 51-52) correctly synon-

ymized rufipleura under Alloxysta afiFinis

(Baker). He listed only one specimen which

he regarded as the holotype. Baker had two

males however, and we have selected and

labelled one as lectotype. The lectotype has

Baker's red type label also.

Alloxysta tritici (Fitch)

Allotria tritici Fitch, 1861: 841. No locality

mentioned. "Swept from wheat, aphis in-

fested," July 8, 1861. Lectotype female,

labeled "15,341" and '"Allotria tritici,""

present designation; in National Museum
of Natural History, Washington, D.C.

This species is the earliest one described

from North America. Weld (1951) listed tri-

tici from various states in the eastern United

States and assigned the species to Alloxysta,

but Andrews (1978) did not treat the name
in his revision. Burks (1979) indicated that

the proper name of the aphid from which

Fitch's material was reared is Schizaphis

graminum (Rondani), and that the host is

Aphidius nigripes (Ashmead).

Barnes (1988) indicates that insects from

the Fitch Collection are scattered but that

some material was obtained by the National

Museum of Natural History. In his catalog

of Fitch insect material Barnes lists tritici,

but does not mention the existence of type

material, the inference being that no spec-

imens are known to exist. There is a single

specimen in the National Museum of Nat-

ural History, however, that seems to qualify

as Fitch material of tritici. It has a genuine

Fitch catalog number label, # 1 5,34 1 , as de-

scribed and illustrated by Barnes (1988). A
second label is machine printed and reads

"Fitch's Coll." The specimen also has a very

old handwritten ink label that reads "Al-

lotria tritici" followed by what appears to

be an initial that is undecipherable. This

label also says "a. nigriceph." The hand-

writting may not be Fitch's because it is

unlike that depicted in Barnes (1988: 86).

The National Museum has the type of Al-

lotria avenae Fitch, a wasp now assigned to

the Eucoilidae. Allotria avenae was de-

scribed right after tritici and the type has a

Fitch catalog number and "Fitch's Coll."

label like those on the specimen of tritici.

Thus it appears that the specimen of tritici

can be considered as type material of Fitch's

species.

The specimen of tritici is pinned sideways

through the thorax with a very fine pin. That

pin is stuck through a piece of cork affixed

to a regular insect pin. The abdomen is

missing, but the antennae are intact and in-

dicate that the specimen is a female. All legs

and wings are present. In Andrews' (1978)

key to species of Alloxysta, this specimen

runs to victrix (Westwood) and it compares

favorably with Old and New World mate-
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rial ofthat species. The specimen agrees with

Fitch's original description. The lower part

of the head is yellow, and the upper part is

brownish. The scape, pedicel, first two fla-

gellomeres and legs are yellow. The pro-

portions of the first five flagellomeres agree

fairly closely with the description, and are

the same as those in victrix. We are treating

this specimen as a Fitch syntype of tritici,

designating it as the lectotype, and synon-

ymizing it with victrix (New Synonymy).

Alloxysta vagans Kieffer

Alloxysta vagans Kieffer, 1909: 480. "For-

est Hills, Massachusetts," ex ""Hyalopte-

rus dactylidis Hayhurst."

Andrews (1978) listed this species in his

catalog but did not treat it in the main part

of his revision. Apparently no type material

exists at the University of Arkansas or in

the USNM. Thus the identity of this species

remains uncertain.

Alloxysta vandenboschi Andrews

Alloxysta vandenboschi Andrews, 1978: 69.

Holotype male, 2 mi. s. Kelsey Bay, Brit-

ish Columbia, Canada; in National Mu-
seum of Natural History, Washington,

D.C.

Examination of Andrews' type by Even-

huis has established that vandenboschi is a

synonym of the holarctic species obscurata

(Hartig) (New Synonymy).

Genus Lytoxysta Kieflfer

Lytoxysta brevipalpis Kieffer

Lytoxysta brevipalpis Kieffer, 1909: 480.

"Forest Hills, Massachusetts," ex Aphis

rumicis.''' Lectotype female designated by

Andrews, 1978: 23; in National Museum
of Natural History, Washington, D.C.

Kieffer described this species from 9 spec-

imens. One is in the University ofArkansas

collection, and three are in the National

Museum ofNatural History. The latter were

obtained by Lewis Weld in 1924 in an ex-

change with the Univ. of Arkansas. An-

drews (1978) selected one of the USNM
specimens as lectotype and supposedly

placed a "red" lectotype label on it in 1970;

however, we found no such label on the

specimen. It is clear which specimen An-
drews designated because it is the only spec-

imen with a locality label that reads "Forest

Hills, Mass." with the date Sept. 22, 1908.

A second handwritten label gives the num-
ber 388. Below it is a plain white square.

We have placed a lectotype label on the pin

with Andrews' name on it. The other spec-

imens lack locality labels, but all have the

388 label and the plain white square. They
do not have Andrews' paralectotype labels

either, although he says they were applied.

The specimen belonging to the University

of Arkansas museum has an additional

handwritten label, apparently Kieffer's, that

reads "Lytoxysta brevipalpis (Alle mit ro-

tem Zettel)." Obviously the red square la-

bels have faded.

None of the specimens available to us

show any evidence of being the material

upon which Kieffer (1909: 480) described

the "Var. nigra n. var." The status of this

name remains in doubt, although Andrews

(1978) synonymized it under brevipalpis.

Generic assignment unknown

Glyptoxysta bifoveata Girault

Glyptoxysta bifoveata Girault, 1931:2. Syn-

types: Victoria, Australia; in Queensland

Museum, Brisbane.

The description of this wasp is too brief

to permit positive generic assignment. The
notation that it was "on peach aphis" sug-

gests that it belongs in Alloxysta.

Subfamily Charipinae

Genus Apocharips Fergusson

Apocharips eleaphila (Silvestri),

New Combination

Alloxista eleaphila Silvestri, 1915: 274

(footnote). Syntypes, male and female, It-

aly; in Museo Zoologico della Universita

di Napoli?
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This species was reared from the psyllid

Euphyllura olivina (Costa) which immedi-

ately suggests that it belongs in the subfam-

ily Charipinae. The species is briefly de-

scribed in a footnote after the extensive

description of another new species, Allox-

ista peraptera Silvestri, which is well illus-

trated. The latter is clearly an Apochahps

because it has two abdominal terga. Silvestri

did not describe the abdomen of eleaphila,

but compared it with peraptera; we, there-

fore, assume that it also has two terga and

tentatively assign it to the genus Apocharips

(New Combination).

Apocharips peraptera (Silvestri),

New Combination

Alloxista peraptera Silvestri, 1915: 272.

Syntypes, male and female, Nefasit, Eri-

trea, Ethiopia; in Museo Zoologico della

Unversita di Napoli?

This species was reared from the psyllid

Euphyllura aethiopica Silvestri, and the de-

scription and figures clearly indicate that

peraptera belongs in the genus Apocharips

(New Combination).

Apocharips talitzkii (Belizin),

New Combination

Glyptoxysta talitzkii Belizin, 1966: 7. Ho-
lotype male, Kishinev, Moldavian SSSR;

in Zoological Museum, Academy of Sci-

ences of the USSR, Leningrad.

The host of talitzkii, Psylla pyri, suggests

that it belongs in the Charipinae. One of the

distinctive features of the subfamily is the

connate nature of the last two flagellomeres

ofthe antenna, but Belizin does not mention

this in his description. Nevertheless, it seems

probable that talitzkii belongs in the genus

Apocharips based on Belizin's description

of the abdomen, and that is where we have

assigned it (New Combination).

Genus Dilyta Forster

Dilyta africana (Benoit),

New Combination

Alloxysta africana Benoit, 1956: 439. Ho-
lotype male ("female"), Zaire: Kivu: Ru-

tshuru; in Musee Royal de I'Afrique Cen-
trale, Tervuren, Belgium.

Benoit had 25 specimens when he de-

scribed africana. Evenhuis examined nine,

including the holotype, and the species be-

longs in the genus Dilyta (New Combina-
tion). The holotype is a male but Benoit

mistakenly identified it as a female. He gave

the relative lengths and widths of the fla-

gellomeres which agree with the holotype,

except that one ofthe flagellomeres between

the sixth and the twelfth (all with the same
relative lengths of 7.5 and widths of 3) was

obviously omitted. Benoit described flagel-

lomere I as being slightly curved, indicating

that his holotype was a male, not a female.

Although Benoit said the gaster had two

visible segments and even gives their rela-

tive lengths, the type, as well as the para-

types, have only one tergum. The species

thus clearly belongs in Dilyta. The species

exhibits other characteristics typical of the

genus Dilyta: scutellum with U-shaped api-

cal carina; marginal cell shape typical for

the genus, except both R, and RS reach the

wing margin.

Generic assignment unknown

Dilyta mascagnini Girault

Dilyta mascagnini Girault, 1935: 2. Syn-

types, Sandgate, Australia; in Queensland

Museum, Brisbane.

The description of this wasp is too brief

and vague to determine if it belongs in Di-

lyta. Girault stated that the "club" of the

antenna was "2-jointed"; this suggests it be-

longs in the subfamily Charipinae. But his

mention of"abdomen glabrous, 2 exceeding

3 and over half the abdomen" makes that

assignment doubtful. Girault compared
mascagnini with Alloxysta thoreauini, an-

other Australian species which he described

as new in the same paper. The abdomen of

thoreauini was described as "non-segment-

ed," suggesting that this species really be-

longs in Dilyta. Only a study of Girault's
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type material will clarify the status of mas-

cagnini.

Checklists of Charipidae

North American species of subfamily

Alloxystinae Hellen, 1931

(= Allotriinae Thomson, 1862)

Phaenoglyphis FoTsXer 1869

Generic synonyms

Hemicrisis Forster, 1869. Syn.: Evenhuis

(1973), Fergusson( 1986).

Auloxysta Thomson, ISll.

Bothrioxysta Kieffer, 1902.

Charipsella Brtlhes, 1913.

americana Baker, 1896; Canada: Northwest

Territories, British Colombia, Alberta,

Manitoba, Ontario, Quebec, New Bruns-

wick; U.S.: Alaska, California, Colorado,

Utah, Maryland.

brevicornis Kieffer, 1907. Syn.: Andrews

(1978).

nevadensis Kieffer, 1907. Syn.: Andrews

(1978).

c<3/v^r/z Andrews, 1978; U.S.: California.

falcata Andrews, 1978; Canada: British Co-
lumbia.

gutierrezi Andrews, 1978; Canada: British

Columbia, Saskatchewan; U.S.: Mon-
tana.

laevis Andrews, 1978; Canada: British Co-

lumbia, Alberta.

;7^c/c/ Andrews, 1978; U.S.: Tennessee.

pilosa Andrews, 1978; Canada: British Co-
lumbia, Alberta; U.S.: Idaho, Colorado,

California.

rw/zcor/?/^ (Forster), 1869 (Hemicrisis); Hol-

arctic: Europe, North America. Canada:

British Colombia, Saskatchewan, Ontar-

io, Quebec; U.S.: California, North Car-

olina.

pubicollis (Thomson), 1877 (Allotria).

Syn.: Evenhuis (1973).

5/e«05 Andrews, 1978; U.S.: Alaska

villosa (Hartig), 1841 (Xystus); Holarctic:

Europe, North America. Canada: North-

west Territories, British Colombia, Al-

berta, Ontario, New Brunswick, Nova
Scotia; U.S.: California, Massachusetts,

p/c/c^'p^ (Thomson), 1862 (Allotria). Syn.:

Evenhuis and Barbotin (1977).

collina (Cameron), 1889 (Allotria). Syn.:

Evenhuis and Barbotin (1977).

ambrosiae (Ashmead), 1898 (Allotria).

New Synonymy
carpentieri (Kieffer), 1 902 (Allotria). Syn.:

Evenhuis and Barbotin (1977).

foveigera (Kieffer), 1902 (Allotria). Syn.:

Evenhuis and Barbotin (1977).

curvata (Kieffer), 1902 (Allotria). Syn.:

Evenhuis and Barbotin (1977).

recticornis {Kit^tr), 1902 (Allotria). Syn.:

Evenhuis and Barbotin (1977).

subaptera (Kieffer), 1904 (Alloxysta). Syn.:

Evenhuis and Barbotin (1977).

campyla (Kieffer), 1904 (Alloxysta). Syn.:

Evenhuis and Barbotin (1977).

necans (Kieffer), 1 909 (Glyptoxysta). New
Synonymy

numidica (Kieffer), 1909 (Bothrioxysta).

New Synonymy
flavipes (lonescu), 1963 (Charips). New
Synonymy

Alloxysta Yovsicv, 1869

Generic synonyms

/l//o/na Westwood, 1833, nee Hiibner, 1823

Xystus Hartig, 1840, nee Schoenherr, 1826

PezophyctaYoYsi^r, 1869

Nephycta Forster, 1869

Thoreauana Girault, 1930

Adelixysta Kierych, 1988, New Synonymy
Alloxista is incorrect subsequent spelling

Our efforts to obtain type material o^Ade-

lixysta have been unsuccessful, but we are

convinced that Kierych's (1988) new genus

is a synonym oiAlloxysta (New Synonymy).

Clypeal characters are the only features that

seem to differentiate Adelixysta sawonie-

wiczi, type species of the new genus, from

most species of Alloxysta. The sulcus be-

tween the tentorial pits (frontoclypeal sul-

cus) is faintly impressed, and the free mar-

gin of the clypeus is truncate instead of
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arcuate. Alloxysta pallidicornis (Curtis) has

a truncate clypeus also, but the species has

a strongly impressed frontoclypeal sulcus.

Both taxa have the same propodeal carinae

but they differ in antennal and wing char-

acters.

Alloxysta pallidicornis attacks species of

Pauesia that parasitize lachnine aphids on

conifers, and sawoniewiczi will likely be

found in similar hosts. A third and as yet

undescribed species is known in this com-

plex that was reared from Pausia cendrobii

on Cedrus in Morocco.

affinis (Baker), 1896 (Dylita); Colorado.

abdominalis Baker, 1896. Syn.: Andrews

(1978).

apicalis Baker, 1896. Syn.: Andrews

(1978).

coloradensis (Baker), 1896 (Dylita). Syn.:

Andrews (1978).

gracilis Baker, 1896. Syn.: Andrews

(1978).

magna Baker, 1896. Syn.: Andrews
(1978).

ruficeps (Baker), 1896 (Dylita), nee Zet-

terstedt, 1838. Syn.: Andrews (1978).

rufipleura Baker, 1896. Syn.: Andrews

(1978).

similis (Baker), 1896 {Dylita). Syn.: An-

drews (1978).

alaskensis Ashmead, 1902; Canada: Que-

bec; U.S.: Alaska.

bakeri (Kieffer), 1907 (Allotria); U.S.: Cal-

ifornia. Possibly a synonym of megourae,

see Andrews (1978: 47).

bicolor (Baker), 1896 (Dylita); Canada: Brit-

ish Colombia; U.S.: Colorado.

robusta Baker, 1896. Syn.: Andrews

(1978).

commensurata Andvc'ws, 1978; U.S.: Mary-

land.

coniferensis Andrews, 1978; U.S.: Tennes-

see.

fif/c/c5an/ Andrews, 1978; U.S.: Maryland.

filimentosa Andrews, 1978; U.S.: Idaho.

fuscicornis (Hartig), 1 84 1 (Xystus); Holarc-

tic Region (New Status)

ancylocera (Cameron), 1886 (Allotria).

Syn.: Evenhuis (1982).

brassicae (Ashmead), 1887 (Allotria).

Syn.: Evenhuis (1982).

infuscata (Kieffer), 1902 (Allotria). Syn.:

Evenhuis (1982).

grioti (De Santis), 1937 (Charips). Syn.:

Diaz (1980).

aphidiinaecida (De Santis), 1937 (Cha-

rips). Syn.: Diaz (1980).

halli Andrews, 1978; Canada: British Co-

lombia, Alberta; U.S.: Washington.

/ac/z«/ (Ashmead), 1885 (Allotria); Canada:

British Colombia, Manitoba, Ontario;

U.S.: CaHfomia, North Carohna, Florida.

lackni "Dalla Torre and Kieffer," An-

drews (1978: 63), apparently a lapsus.

leguminosa (Weld), 1920 (Charips); U.S.:

Idaho, Oregon, Utah. Possibly a synonym

ofw^'^owra^ according to Andrews (1978:

65).

longiventris Baker, 1896; U.S.: Colorado.

Not treated by Andrews (1978).

megourae (Ashmead), 1887 (Allotria); U.S.:

Florida.

minuscula Andrews, 1978; Canada: Ontar-

io.

miniscula Andrews, 1978: 48, lapsus.

obscurata (Hartig), 1840 (Xystus); Holarc-

tic: Europe, North America. Canada:

British Colombia; U.S.: Alaska.

homotoma Kieffer, 1904. Syn.: Evenhuis

and Barbotin (1987).

vandenboschi Andrews, 1978. New
Synonymy.

pallidicornis (Curtis), 1838 (April 1) (Cyn-

ips); Holarctic: Europe, North America.

Canada: Alberta, Quebec; U.S.: Alaska,

Colorado. Tax.: Quinlan and Fergusson

(1981).

minuta (Zetterstedt), 1838 (Dec. 31)

(Cynips). Syn.: Evenhuis and Kiriak

(1985).

forticornis (Giraud), 1 860 (Allotria). Syn.:

Quinlan and Fergusson (1981).

basalts (Thomson), 1862 (Allotria). Syn.:

Evenhuis and Kiriak (1985).
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anthracina Andrews, 1978. Syn.: Even-

huis and Kiriak (1985).

^w^Z)m Andrews, 1978; Canada: Quebec.

raMc/z/ Andrews, 1978; Canada: British Co-

lombia.

schlingeri kndxQv^s, 1978; U.S.: Arizona.

vagans KiefFer, 1909; U.S.: Massachusetts.

Not treated by Andrews (1978).

victrix (Westwood), 1833 (Allotria); Nearc-

tic, Palearctic and Neotropical Regions.

rw^c^;75 (Zetterstedt), 1838 (Cynips).

erythwcephalus (Hartig), 1840 {Xystus).

Syn.: Evenhuis (1972, 1982).

tritici (Fitch), 1861 {Allotria). New
Synonymy.

macrocera (Thomson), 1877 {Allotria).

Syn.: Evenhuis (1982).

atriceps (Buckton), 1879 {Cynips). Syn.:

Fergusson (1986) but types apparently

not examined.

curvicornis (Cameron), 1883 {Allotria).

Syn.: Fergusson (1986).

amygdali Buckton, Kieffer, 1 902a {Cyn-

ips), lapsus for atriceps (Buckton). Syn.:

Fergusson (1986).

lateralis (Kieffer), 1902b {Allotria). Syn.:

Evenhuis and Barbotin (1987).

luteiceps (Kieffer), 1902b {Allotria). Syn.:

Evenhuis and Barbotin (1987).

/w/dcorn/5 (Kieffer), 1902b {Allotria). Syn.:

Evenhuis and Barbotin (1987).

grandicornis (Kieffer), 1904 {Allotria).

Syn.: Evenhuis and Barbotin (1987).

aerolata (Kieffer), 1909 {Charips). New
Synonymy.

xanthopsis (Ashmead), 1896 {Allotria);

Canada: British Colombia; U.S.: Alaska,

California, Utah, Massachusetts, Florida.

? hayhursti (Kieffer), 1909 {Charips). Syn.:

Andrews (1978) implied this synony-

my but it remains unproven.

Lytoxysta Kieffer, 1 909

brevipalpis Kieffer, 1909; Canada: British

Colombia, Alberta, Manitoba, Saskatch-

ewan; U.S.: Cahfomia, Colorado, Idaho,

Massachusetts, Ohio, Utah, Washington.

nigra Kieffer, 1909. Syn.: Andrews (1978).

World species of subfamily

Charipinae Dalla Torre and Kieffer, 1910

(= Dilytinae Kierych, 1979)

The best general morphological descrip-

tion of this subfamily is by Kierych (1979a,

b), although his nomenclature is incorrect

in part. Morphology and taxonomy of the

group are also treated by Fergusson (1986).

So far as known, all charipines are hyper-

parasitoids in Psylloidea.

Apocharips Fergusson, 1986

eleaphila (Silvestri), 1915 {Alloxista). Italy.

Reared from Euphyllura olivina (Costa).

New Combination.

peraptera (Silvestri), 1915 {Alloxista). Eri-

trea, Ethiopia. Reared from Euphyllura

aethiopica Silvestri. New Combination.
talitzkii {QtVizm), 1966 {Glyptoxysta). Mol-

davian SSR. Reared from Psyllapyri (L.).

New Combination.
trapezoidea (Hartig), 1 84 1 {Xystus). Europe.

Reared from Psylla sp. New Combina-
tion.

xanthocephala (Thomson), 1862 {Allo-

tria). Syn.: Evenhuis (1982).

D/Vyfa Forster, 1869

Generic synonyms

Dylita Forster, 1869, an incorrect subse-

quent spelling.

Charips Haliday in Marshall, 1870.

Glyptoxysta Thomson, \S11.

africana (Benoit), 1956 {Alloxysta); Zaire.

New Combination.
rathmanae Menke and Evenhuis, new spe-

cies. Washington State. Reared from
Cacopsylla alba (Crawford) and C. pyri-

cola (Forster).

subclavata Forster, 1869. Europe. Reared

from Psvlla pvri (L.) and Psvllopsis fraxini

(L.).

microcera (Haliday) in Marshall, 1870

{Charips). Syn.: Quinlan and Evenhuis

(1980).

heterocera (Thomson), 1877 {Glyptoxys-

ta). Syn.: Hellen (1963).
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thoreauini (Girauh), 1935 (Alloxysta); Aus-

tralia. New Combination.

Dilyta rathmanae Menke and Evenhuis,

New Species

(Figs. 3,6, 13, 14, 20,26, 31-34,

36, 38, 40)

Black except antenna and legs yellow, api-

cal half of flagellum and mid and hindlegs

sometimes suffused with brown. Thorax

with patches ofdense, wool-like, white setae

as follows (the white color may be due to

some exudate because it is missing on a few

specimens): on pronotum dorsolaterally and

laterally, on scutellum laterally, on subalar

fossa of mesopleuron, on metapleuron just

beneath hindwing base, on propodeum pos-

terolaterally just above hindcoxa, and also

posteromedially. Setal girdle at base of ter-

gum I similar. Female antenna as in Figs.

6, 34, 36; comparative lengths of pedicel

and flagellomeres I-XI:9. 5:5.0:2.75:3. 2:3. 5:

4.5:5.4:7.75:8.5:9.0:9.25:9.0; flagellomere I

length less than twice width (10.5:5.5); fla-

gellomeres I-VI without linear tyli, follow-

ing articles with them. Male antenna as in

Figs. 3, 33, 38, 40; comparative lengths of

pedicel and flagellomeres I-XII: 6.5:7.25:

2.25:3.0:5.0:7.75:7.75:7.75:8.25:8.5:8.5:9.0:

9.0; flagellomeres I-III or IV without linear

tyli, following articles with them. First ter-

gum usually without obvious pitting on api-

cal half (Figs. 31, 32). Body length 0.9-1.2

mm.
Types: Holotype male: WASHINGTON,

Chelan Co.: Nahahum Canyon near We-
natchee River (13 km n. Wenatchee), 180

m, ex Cacopsylla alba on Salix exigua, May
31, 1986, Robin Rathman, voucher #86-2-

1 1 (in collection of National Museum of

Natural History, Washington, D.C.). Para-

types, 23 females, 1 1 males, some with same
data as holotype except different dates in

1985-1986, others from following localities

in Chelan County, Washington: McManus
Orchard, Yaxon Canyon, 6.6 km s. Cash-

mere, elev. 242 m, June 18, 1987, June 23,

1988, G. S. Paulson; Pflugrath Orchard,

Derby Canyon, 8.3 km se. Leavenworth,

July 8 and 15, 1986, G. S. Paulson; Dryden,

July 8, 1987, G. S. Paulson. Paratypes in

the Entomology Collection, Washington

State University, Pullman; the National

Museum of Natural History; the H. H. Ev-

enhuis Collection; the British Museum
(Natural History); and the American En-

tomological Institute, Gainesville, Florida.

Discussion: Dilyta rathmanae differs from

the Old World species subclavata Forster in

several ways. The easiest feature to appre-

ciate is the apparent absence in most spec-

imens o{rathmanae ofthe rather dense field

of pits found on tergum I of subclavata

(compare Figs. 29, 30 and 31, 32). Actually

a few scattered pits are present in most spec-

imens o^ rathmanae but they are very shal-

low and barely visible even in SEM pho-

tomicrographs. One exception is a single

male of rathmanae that has a clearly seen

field of rather deep pits.

Differences between the two species are

also found in the distribution of antennal

tyh (compare Figs. 33, 36, 40 and 37, 41),

especially in the female. Specifically, tyli are

absent on the first six ffagellomeres of the

female of rathmanae (Fig. 36) but only ab-

sent on the first four o{ subclavata (Fig. 37).

Tyli are absent on ffagellomeres I-III or IV

of the male in rathmanae (Fig. 33), and are

absent on I-II or III o{ subclavata (Fig. 41).

The overlap between the two species in the

distribution of male antennal tyli makes

them more difficult to distinguish in this

sex. In both species the basalmost male ffa-

gellomere with tyli seems to have only one

or two of these structures, and determining

their presence can be very difficult, even at

250 X magnification. Subsequent ffagello-

meres typically have several tyli that are

rather conspicuous. Four ofthe seven males

of rathmanae have tyli on ffagellomere III

which suggests that these structures are ab-

sent on that ffagellomere about 50% of the

time.

The proportions of the pedicel and ffa-

gellomeres I-II also differ between the two
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Figs. 27-32. Left view of gaster. 27, female Alloxysta megourae. 28, female Apocharips trapezoidea. 29-30,

female and male, respectively, Dilyta suhclavata. 31-32, female and male, respectively, Dilyta rathmanae.

Figs. 33^1. Antennal features in Dilyta. 33, right male flagellomeres I-VII oi rathmanae (arrows point to

tyli on V-VI). 34, 35, female, rathmanae and subclavata, respectively. 36, 37, apex of pedicel, and first six

flagellomeres of female rathmanae and subclavata, respectively. 38, 39, male, rathmanae and subclavata, re-

spectively. 40, 41, apex of pedicel, and first four or five flagellomeres of male rathmanae and subclavata,

respectively.
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species. In the female of rathmanae flagel-

lomere I is less than twice as long as wide,

and its length is about halfthat ofthe pedicel

(Figs. 34, 36). In the female of subdavata

flagellomere I is more than twice as long as

wide (13:5), and its length is more than three-

fourths as long as the pedicel (13:16) (Figs.

35, 37). In males oi rathmanae ^SigtWomtrQ

II is about one-third the length of I (Figs.

33, 40). Whereas, in males oi subdavata it

is about half the length of I (Figs. 39, 41).

Dilyta rathmanae is a smaller insect (.9-

1.2 mm) than subdavata (1.2-1.5 mm).
Distribution: Known with certainty only

from Chelan Co., Washington. However
Ferris and Hyatt (1923) reared a species of

"Alloxysta" from the psyllid Neophyllura

arbuti (Schwarz) in California (we are fol-

lowing Hodkinson, 1988, for current nearc-

tic psyllid names in this paper). It seems

likely that what they really had was a species

oi Dilyta.

Etymology: We take pleasure in naming
this little wasp after its discoverer, Robin
Rathman.

Biological Summary of

Dilyta rathmanae

R. J. Rathman, Dept. ofEntomology, Univ.

of Hawaii, 3050 Maile Way, Honolulu, Ha-

waii 96822, and G. S. Paulson, Dept. of

Entomology, Washington State Univ., Pull-

man, Washington 99164

Dilyta rathmanae was first reared from

Cacopsylla alba (Crawford) on willow, Salix

exigua L., in 1985 in Washington State

(Rathman and Brunner 1988). Adults were

also collected in unsprayed pear orchards

and may be an important component of the

pear psylla complex, Cacopsylla pyricola

(Forster). Recent European authors disagree

whether species of the Charipinae are pri-

mary or hyperparasitoids. Fergusson ( 1 986,

1988) reported that Dilyta subdavata For-

ster, the single European species of the ge-

nus, is a primary parasitoid of psyllids. In

southern France, however, this species was

reported by Herhard (1986) to be a hyper-

parasitoid of Psylla pyri (L.), through an en-

cyrtid, Prionomitus mitratus (Dalman). Our
field observations and rearing experiments

have shown that Dilyta rathmanae is a hy-

perparasitoid of psylla through an encyrtid,

Trechnites sp.

In laboratory rearing experiments con-

ducted in July and August, 1987, parasit-

oid-free psylla nymphs were placed in cages

(about 4 mm x 20 mm diam.) designed to

confine the psylla to the leaf surface of pear

seedlings. Adult Trechnites collected from

pear trees and adults ofDilyta collected from

Salix were added to one group of cages.

Adults of Dilyta were only added to the sec-

ond group. At the completion of the study

adults ofDilyta and Trechnites had emerged

from pear psylla mummies in group one,

but in the second group that had been ex-

posed only to Dilyta, the pear psylla were

not parasitized. This indicates that Dilyta

rathmanae is not a primary parasitoid of

pear psylla. Observations of field collected

mummies of C pyricola and C. alba con-

firmed the laboratory results.

On 7 and 8 August 1988 parasitized psyl-

la were collected from Salix and examined

in the laboratory. One parasitized psylla

contained a partially consumed adult of

Trechnites and a cynipoid larva. Similarly

in July 1988 a partially consumed pupa of

Trechnites and a cynipoid larva were found

within a parasitized C. pyricola. In this in-

stance the cynipoid larva pupated and an

adult female of Dilyta emerged. In August

1988 a mummy of C. pyricola was collected

in which the forms oftwo distinct parasitoid

pupae could be seen through the cuticle of

the psylla. Two days later an adult male of

Dilyta emerged. The psylla mummy was

then dissected and a partially consumed
Trechnites was recovered. These studies

support the findings of Herhard (1986) and

indicate that Dilyta rathmanae is a hyper-

parasitoid of C. alba and C pyricola.

Thus members ofboth the Charipinae and

Alloxystinae are hyperparasitoids. The Al-



VOLUME 93, NUMBER 1 157

loxystinae are hyperparasitoids ofaphids via

Aphidiinae (Braconidae) and Aphelinidae

(Chalcidoidea) (Fergusson 1988), while the

Charipinae are hyperparasitoids via Encyr-

tidae (Chalcidoidea). Both hyperparasitism

and the use ofHomoptera as hosts are prob-

able behavioral synapomorphies of the Al-

loxystinae and Charipinae that indicate the

Charipidae is a monophyletic group.
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Abstract.—Iht nomenclatorial status of the Neotropical treehopper genera Hoplopho-

rion Kirkaldy, 1901, Metcalfiella Coding, 1929, and Ochropepla St^l, 1869, and of the

tribe Hoplophorionini Coding, 1926, is reviewed. Hoplophorion is considered a junior

synonym of Ochropepla; Metcalfiella is reinstated as a valid genus. The type species and

three other species of Hoplophorion are placed in Ochropepla, producing one new com-

bination, Ochropepla triangulum (Cermar); most of the other species recently placed in

Hoplophorion are referred to Metcalfiella. The nominal species (and subspecies) of Och-

ropepla (8) and Metcalfiella (25) are listed.

Key Words: Neotropical, Hexapoda, Insecta, Membracinae, Hoplophorionini, Hoplo-

phora, nomenclature

Funkhouser (1951) noted that the tree-

hopper genus Metcalfiella "has had a check-

ered nomenclatorial career of misadven-

ture." Indeed, revisionary work at the species

level disclosed the need to review the status

ofthe genera Metcalfiella Coding, 1 929 (type

species: Hoplophora pertusa Cermar, 1835,

by original designation), Ochropepla StM,

1869 (type species: Hoplophora corrosa

Fairmaire, 1846, by subsequent designa-

tion), and Hoplophorion Kirkaldy, 1901, a

replacement name for Hoplophora Cermar,

1833 (preoccupied by Hoplophora Perty,

1833) (type species: Membracis triangulum

Cermar, 1821, by subsequent designation),

as well as the availability ofthe family-group

name Hoplophorionini, of the subfamily

Membracinae (Deitz 1975).

' Current address: Department of Ecology and Evo-

lutionary Biology, Box U-43, University of Connect-

icut, Storrs, Connecticut 06269-3043.

Status of Cenus-Croup Names

The generic name Metcalfiella, first pub-

lished (Coding 1929a) with no description

or indication (Article 12, International

Commission on Zoological Nomenclature

1985), became available when Coding

(1929b) designated a type species. Coding
(1929a, c) considered Hoplophorion trian-

gulum to be congeneric with Ochropepla

corrosa and clearly intended ( 1 929a) to pro-

pose Metcalfiella as a new genus for the oth-

er species previously placed in Hoplopho-

rion. Although initially (1929a) ambiguous.

Coding later (1929c) gave nomenclatorial

priority to Hoplophorion (1901) over Och-

ropepla (1 869) (perhaps because Hoplopho-

rion replaced the older name Hoplophora

[1833]). In view of the current rules of zoo-

logical nomenclature, Ochropepla has pri-

ority.

Although Funkhouser (1951:68, foot-

note) stated that he agreed with Coding,

Funkhouser's arrangement of the relevant
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type species contradicted this statement—

M. triangulum was not placed as congeneric

with H. corrosa, but rather with H. pertusa.

Furthermore, given his arrangement, Funk-

houser erred in hsting Hoplophorion (1901)

as a junior synonym oi Metcalfie/la (1929).

Metcalfand Wade (1965) corrected this pri-

ority error, listing Hoplophorion as the se-

nior synonym of Metcalfiella, but did not

question the generic synonymy. Conse-

quently, Ochwpepla and Hoplophorion were

considered valid in Metcalf and Wade's

(1965) catalog, and accepted by most later

workers (see Wood and Morris 1974, Deitz

1975, Ceballos-Bendezu 1980, Wood 1984),

bringing the nomenclature back to its pre-

Goding condition.

Our concept of//, corrosa Fairmaire, the

type species of Ochropepla, is based on the

original description and on a female spec-

imen in the Signoret collection (Naturhis-

torisches Museum Wien, Vienna, Austria)

with labels "Bogota
|
Coll. Signoret.,"

"corrosa
I

det. Signoret.," "corrosa |det.

Fowler.," "Coll. Nat.-Mus. Wien," "Hop-
lophora," and "POSSIBLE |LECTO-
TYPE I Hoplophora corrosa

|
Fairmaire

|
see

Fowler 1 894c
|
det. McKamey & Deitz

1990" (the last a red-bordered label). This

female (from Bogota, the type locality; in

the Signoret collection, one of two reposi-

tories listed by Fairmaire; and examined by
Fowler) is likely to be the specimen that

Fowler ( 1 894) referred to as "the type-spec-

imen of O. corrosa,'' thus fixing it as the

lectotype (Article 74a, International Com-
mission on Zoological Nomenclature 1985).

The type series of M. triangulum could

not be located. Nevertheless, our analysis

of the original description in conjunction

with species-level revisions of Ochropepla

and Metcalfiella confirmed that M. trian-

gulum is, as Coding (1929a) believed, con-

generic with //. corrosa. This decision will

be justified in a forthcoming revision of

Ochropepla. Thus, after correcting Coding's

priority decision, the genera here consid-

ered valid are Ochropepla (with Hoplopho-
rion as itsjunior synonym) and Metcalfiella.

The pronota of Ochropepla (Figs. 1, 2)

and Metcalfiella (Figs. 5, 6) are similar (short

in length, conspicuously punctate, and with-

out horn-like projections), but these genera

are apparently distant relatives within the

tribe Hoplophorionini (McKamey 1989).

Whereas Ochropepla has an r-m crossvein

in the hind wing (Fig. 3), Metcalfiella has

the veins R4+5 and M,+2 confluent distally

(Fig. 7). Furthermore, Metcalfiella is unique

among membracids in that the pronotum
has many more pale setae than pits (Fig. 4),

rather than just one seta per pit.

Status of Family-Group Name
Hoplophorionini Coding, 1926

The family-group name Hoplophorionini

is retained in accordance with Article 40a

(International Commission on Zoological

Nomenclature 1985), although Hoplopho-

rion, the nominotypical genus of the tribe,

is here considered a junior synonym o{Och-

ropepla. Coding (1926) proposed the name
Hoplophorionini (as Hoplophorioninae) to

replace Hoplophorinae Amyot and Serville,

1843, which was based upon the junior

homonym Hoplophora Cermar.

Lists of Nominal Species in

Metcalfiella and Ochropepla

The following placements, including one

new combination, are based on examina-

tion of type material (indicated by an as-

terisk*) or of original descriptions ofthe rel-

evant nominal species. Forthcoming
revisions oiMetcalfiella and Ochropepla will

include lists oftype material examined, spe-

cies synonymies, new species, and institu-

tional locations for specimens of each spe-

cies.

Metcalfiella (all species names represent

transfers from Hoplophorion, sensu Met-

calf and Wade 1965):

1. Hoplophora apiformis Buckion, 1902

2. Hoplophorion carinulatum Schmidt,

1906

3. Hoplophora cinerea Fairmaire, 1846
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Figs. 1-7. Comparison of Ochropepla and Metcalfiella. 1, 2, Ochropepla corrosa (Fairmaire), female, head

and pronotum. 1, dorsal view. 2, lateral view (including forewing). 3, Ochropepla sp., right hind wing. 4,

Metcalfiella sp., electron micrograph of pronotal setation (courtesy of C. H. Dietrich). 5, 6, Metcalfiella pertusa

(Germar), female, head and pronotum. 5, dorsal view. 6, lateral view (including forewing). 7, Metcalfiella sp.,

right hind wing.

*Hoplophora cinerea obfuscata Fowler,

1894

*Hoplophora cribrum Fairmaire, 1 846

*Hoplophora disparipes Fowler, 1894

Hoplophorion erectum Schmidt, 1906

Hoplophorion erectum nigromacula-

tum Schmidt, 1906

*Hoplophorafimbriata Still, 1862

*Hoplophora gigantea Fairmaire, 1 846

Hoplophora haenschi Schmidt, 1 906
12. Hoplophora monogramma Germar,

1835

13. *Hoplophora obtusa Stkl, 1862

5.

6.

7.

9.

10.

11.

14. Hoplophorion ohausianum Schmidt,

1906

15. *Hoplophora pertusa Germar, 1835

16. *Hoplophora porosa Walker, 1851

17. *Hoplophora proxima Walker, 1851

''^Hoplophora pubescens Buckton, 1 902

^Hoplophora rubripes Funkhouser,

18.

19.

20.

21.

22.

23.

1922

Hoplophora sanguinosa Fairmaire,

1846
*Hoplophora semitecta Walker, 1858

"^Hoplophora signoreti Fowler, 1894

*Hoplophora unicolor Fowler, 1894
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24. *Hoplophora variegata Fairmaire, 1 846

25. *Hoplophora vicina Fairmaire, 1846

Ochwpepla (species names 1, 4, 5, and 8

represent transfers from Hoplophorion,

5e«5w Metcalf and Wade 1965):

1. *Hoplophora concinna Fowler, 1894

2. *Hoplophora concolor V/a\keT, 1851

3. *Hoplophora corrosa Fairmaire, 1846

4. * Triquetra hebes V^alker, 1851

5. *Ochropepla inaequalis Fowler, 1894

6. *Ochropepla pallens StM, 1869

7. *Hoplophora punctum Fairmaire, 1846

8. Membracis triangulum Germar, 1821,

New Combination: Ochwpepla trian-

gidum {Germar, 1821)

Four species {Ochwpepla carinata Funk-

houser, 1822; Ochwpepla dubia Fowler,

1897; Ochwpepla fuscata Fowler, 1897;

Hoplophora gloveri Coding, 1893) most re-

cently placed in Hoplophorion (Metcalf and
Wade 1965) belong to neither Metcalfiella

nor Ochwpepla and must be referred to oth-

er genera (see McKamey 1989).
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Abstract.— T'wo new species of Forcipomyia Meigen that are common in cocoa plan-

tations in Brazil, and are involved in cocoa pollination, are described and figured: For-

cipomyia {Forcipomyia) soriai Wirth and Forcipomyia (Lepidohelea) winderi Wirth. A key

is given to distinguish the subgenus Forcipomyia s. str. from the closely related subgenus

Lepidohelea Kieffer. Keys are also presented to distinguish the Neotropical species of the

squamitibia Group of Forcipomyia s. str. which includes F. soriai, and the Neotropical

species of the bicolor Group of Lepidohelea, which includes F. winderi. Information on

the immature stages and biology for these and related species is summarized and the

immature stages of F. (F.) pinamarensis Spinelli, also associated with cocoa, are described

and figured.

Key Words: Ceratopogonidae, Forcipomyia, cocoa, pollination

Biting midges of the genus Forcipomyia

Meigen are important pollinators of cocoa

{Theobroma cacao L.) wherever it is grown

throughout the tropics. A voluminous lit-

erature has accumulated in the past 30 years

dealing with the taxonomy, biology, and re-

lation to cocoa pollination ofnumerous spe-

cies of Forcipomyia, especially of the sub-

genus Euprojoannisia Brethes. That which

appeared up to 1977 was reviewed by Win-

der (1978). Approximately three-fourths of

the 70 species ofCeratopogonidae that have

been collected in cocoa flowers belong to

the genus Forcipomyia. Nearly a third ofthe

Forcipomyia midges belong to the subgenus

Forcipomyia s. str., while in decreasing or-

der of importance the subgenera Eupro-

joannisia Brethes, Thyridomyia Saunders,

Lepidohelea Kieffer, Microhelea Kieffer,

Warmkea Saunders, and Lasiohelea Kief-

fer, are also involved. There is considerable

variation in the abundance and importance

in pollination between these taxa, between

individual species, from region to region,

and also with the season.

From 1 967 to 1 983 intensive studies were

carried out by John A. Winder and Saulo

de Jesus Soria at the Cacao Research Center

(CEPLAC) at Itabuna, Bahia, Brazil. More
recently Winder has resumed his cocoa pol-

lination studies at the Fazenda Almirante,

near Itajuipe in Bahia, and I have had the

opportunity to cooperate in the determi-

nation of the ceratopogonids from his col-

lections. In Bahia, and especially at the Fa-

zenda Almirante, by far the most abundant

ceratopogonids collected in the cocoa plan-

tations belong to the Forcipomyia bicolor

Group in the subgenus Lepidohelea, and the

F. squamitibia Group in the subgenus For-

cipomyia. The purpose of this paper is to

describe the two most important species in
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Winder's collections to make the names
available for his biological studies, and to

provide means for distinguishing them from

closely related species.

Explanation of the taxonomic characters

used can be found in the general papers on

Ceratopogonidae by Wirth et al. (1977) and

Downes and Wirth (1981), and the revision

of the North American Euprojoannisia by

Bystrak and Wirth (1978). Holotypes and

allotypes ofnew species are deposited in the

National Museum of Natural History

(USNM), Smithsonian Institution, Wash-
ington, D.C.; paratypes as available in the

Florida State Collection of Arthropods,

Gainesville, Rorida; California Academy of

Sciences, San Francisco, California; Museo
de La Plata, La Plata, Argentina; Instituto

Oswaldo Cruz, Rio de Janeiro, Brazil; Brit-

ish Museum (Natural History), London; and

Museum National d'Histoire Naturelle,

Paris.

Taxonomic work on the cocoa-pollinat-

ing Forcipomyia midges has as its main pur-

pose the identification of the most impor-

tant pollinating species, the location of their

most important breeding places, and the ac-

cumulation of enough information on their

biology so that a practical regimen of cocoa

culture and midge habitat manipulation can

be devised to maximize cocoa pollination

and crop production (Young 1982, 1983).

Although the study of Forcipomyia breed-

ing places and identification of immature

stages has been pursued intensively in

America since the early work of Saunders

( 1956, 1959), progress has been difficult and
slow. Nevertheless, important contribu-

tions have been made by Winder and Silva

(1972), Winder (1977a), Soria et al. (1979),

and Soria and Wirth (1979) in Brazil, and

Young (1982, 1983, 1986) in Costa Rica.

Larval habitats oiForcipomyia midges are

somewhat correlated with their taxonomic

group. The habitats o{ Euprojoannisia spe-

cies are usually semiaquatic situations such

as algae-covered rocks or mud, wet moss or

leaves, mats of decaying aquatic vegetation,

and leaf axils of water-holding plants. Spe-

cies of Thyridomyia usually are found in

association with moss or algae in rather

damp habitats. Immature stages of

Warmkea species are frequently found in

leafaxils ofPandanus, aroids, and epiphytic

and terrestrial bromeliads, and less often in

rotting cocoa leaves on the ground, in ba-

nana stems, and in bracts ofHeliconia. Spe-

cies of the subgenera Forcipomyia, Lepi-

dohelea, and Schizoforcipomyia are less

aquatic and are more commonly associated

with rotting plant material, which in cocoa

plantations and their environs often in-

volves heaps of cocoa pods, old banana

stems, cocoa leaves, coconut debris, bracts

ofHeliconia and Calathea, and rotting fruits

of coconut, calabash, palm nuts, etc.

The taxonomic key to the subgenera of

Forcipomyia published by Wirth and Ra-

tanaworabhan is out-dated and has been re-

placed by that of Debenham (1987a). Until

the work of Debenham (1987a, b, c,) it was

not possible with confidence to distinguish

between the subgenera Forcipomyia s. str.,

Lepidohelea, and Schizoforcipomyia, but she

pointed out characters in all stages to make
possible a key to these taxa for the Western

Hemisphere.

Key TO Subgenera of Forcipomyia

Related to Lepidohelea

\. Hind tarsal ratio about 1.0; wing usually with

pale costal spot or pale mottling; second radial

cell short, costal ratio about 0.5 2

- Hind tarsal ratio less than 0.5 or greater than

1.5; wing usually without pale markings; costal

ratio and second radial cell various

miscellaneous subgenera of Forcipomyia

2. Body wings, and/or legs with flattened striated

scales ranging from long and 1 -striated setae

to broad, short, multistriated scales; palpus with

third segment more or less spindle-shaped,

slightly more swollen on basal halfwith sensory

pit located at about 'A length; legs with char-

acteristic banding of alternating pale and dark

bands, at least on hind tibia; male genitalia

often with whitish dististyle and bicolored ninth

sternum and basistyle; dististyle without long

setae on outer margin; aedeagus various; larva

with h hairs of body, and p and q head hairs

swollen near base and becoming filamentous
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distally, usually some about as long as body of

larva; anal pseudopod of larva cleft with each

branch bearing 6-8 booklets apically and 3-4

booklets on inner lateral side 3

Body, wings, and legs rarely with flattened stri-

ated scales; palpus with third segment swollen

on basal Vj-'A, slender distally, with sensory pit

located at basal 'A; legs, if banded, not with

alternating pale and dark bands on hind tibia;

male dististyle not contrasting whitish, but with

well-developed setae on outer margin; aede-

agus shield-shaped, apex pointed with median

ridge; larval b hairs and p and q head hairs not

as above; anal pseudopod of larva not cleft,

bearing unbroken row of strong hooks

Subgenus Forcipomyia

Male parameres with basal apodemes forming

a U-shaped arch, parameres a pair of slender

to stout, straight or bowed, well-sclerotized

blades or rods reaching to no more than middle

of basistyles; aedeagus various, with low to high

basal arch, distal process various, often with

recurved points; dististyle straight or slightly

curved, tapering to slender tips; palpus 5-seg-

mented; two spermathecae; scales of body and

legs never short and broad

Subgenus Schizoforcipomyia

Male parameres separate or indistinctly joined

in an anteromesal bridge; parameres various,

usually straight slender rods nearly as long as

basistyle and tapering to filamentous tip; ae-

deagus usually much longer than broad, basal

arch low or absent, usually stout distally; dis-

tistyle often sinuate with expanded tip; palpus

4- or 5-segmented; one or two spermathecae;

scales of body and legs often short and broad

Subgenus Lepidohelea

Subgenus Forcipomyia, s. str.

Wirth (1982) discussed the taxonomy and
biology of the Neotropical Forcipomyia s.

str. associated with cocoa pollination, in-

cluding four species which he placed in the

""argenteola Group." He also diagnosed and

keyed out F. (F.) squamitibia Lutz, which

with similar species could be confused with

species of the argenteola Group. Species of

these two groups can be separated by the

following key:

1 . Female tibiae with row of hastate spines on

extensor surface; pale wing spot at end of costa

larger, including most ofsecond radial cell; hind

tarsal ratio about 1.0; male parameres with

slender common base; pupa without promi-

nent setose tubercles; respiratory horn large and

globular with spiracular openings in a straight

row squamitibia Group
Female tibiae without hastate spines; pale wing

spot smaller, not covering end of second radial

cell; hind tarsal ratio 0.50-0.76; male para-

meres with bases joined in a broad plate; pupa

with setose tubercles that are often elongate

and prominent; respiratory horn small to mod-
erate in size, with longer neck and spiracular

openings in a more or less irregular row ....

argenteola Group

Forcipomyia {Forcipomyia)

pinamarensis Spinelli

Figs. 1-11

Forcipomyia {Forcipomyia) pinamarensis

Spinelli, 1983: 121 (male, female; Argen-

tina; figures).

Types.— Holotype female, allotype male,

12 female, 29 male paratypes: Argentina,

Buenos Aires Prov., Pinamar, Partido de

General Madariaga, 27.iii.1981, G. R. Spi-

nelli (in Museo de La Plata).

Note.— Shortly before his death in 1968,

Professor L. G. Saunders of the University

of Saskatchewan very generously donated

to the Smithsonian Institution in Washing-

ton his extensive worldwide collection of

Forcipomyia midges, mostly reared from the

immature stages, along with his manuscript

notes and drawings. Among his manuscript

notes were drawings and the description of

a species that he collected and reared in Bra-

zil in 1923 and designated as "B-70." Dur-

ing the present study it was determined that

Saunders' "B-70" was the same species that

Spinelli described as Forcipomyia pina-

marensis from Argentina. This species is

abundant and widespread in cocoa planta-

tions; therefore this opportunity is taken to

publish Saunders' description and figures of

the adults and immature stages, and to list

new distribution records. The following de-

scriptions are adapted from Saunders'

manuscript notes:

"Larvae of this species were taken in fair

numbers under the bark of a rotting log in

the forests of Corcavado, Rio, 18.viii.l923.
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Figs. 1-n. Forcipomyia pinamarensis: 1^, female; 5, 6, pupa; 7-10, larva; 11, male: 1, antenna; 2, radial
vems of wing; 3, hastate spines of tibia; 4, hind leg; 5, respiratory horn; 6, pupa; 7, last two abdominal segments;
8, head and body setae, lettering as in text; 9, 10, integumental armature of body; 11, genitalia, partial (drawn
by L. G. Saunders; scale in microns).
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Pupae and adults were obtained from them

in due time.:

"Larva. Color white, the macrochaetae

black, their papillae light brown. Head
ochreous to black around mouth. Protho-

racic pseudopod of moderate length, forked

in its distal half, with the crown of hooks

disposed equally over the end of each

branch. Chaetotaxy (Fig. 8): p and q hairs

of head lanceolate; a hairs of body lanceo-

late; b and d separate, b short, curved, spi-

nulate distally. Dorsal hairs of last abdom-
inal segment arising from a cap of chitin

(Fig. 7). Cuticular armature in form of short

stout stem with a number of apical arms

(Fig. 10); simple cones or hooks on pleura

and last abdominal segment (Fig. 9). Cauda
pointed. Anal blood gills bilobed, the outer

lobe much smaller than the inner.

"Pupa (Fig. 6). Color (exuviae) pale

ochreous throughout. Head devoid of pa-

pillae. Thorax with one dorsal pair of setig-

erous papillae and three other pairs of very

small papillae. Abdomen with no cuticular

spines, few microchaetae. Terminal abdom-
inal processes of moderate length. Protho-

racic respiratory horn (Fig. 5) in form of

subspherical knob on short, broad-based

stem. About 16 spiracular papillae having

small external membranes curve up the pos-

terior side and over the top. Length 2.3 mm.
"Adult Female. Face pale, ocellar triangle

faintly brown; dark ring around bases of

antennae. Palpus brown with light bands at

distal articulations; segment three much
swollen in proximal one-third, distal neck

tapering gradually; proportional length of

segments, 9:11:37:21:13. Antenna (Fig. 1):

Scape light brown, flagellum white tinged

faintly with brown distally; proximal seg-

ments flask-shaped with broad elongated

neck; proportion of first 8 to last 5 segments,

43:34; last 5, 6:6:6:6:10; terminal style a

large knob with indented extremity. Thorax

uniformly brown on dorsum, with coarse

golden pubescence; humeral angles pale;

scutellum brown to dark brown around

margins; postscutellum dark brown. Pleura

light brown on all the usual sclerites; a very

small sclerite in front ofthe base ofthe wing

dark brown. Legs ochreous, fore and middle

coxae brown, hind coxa paler; a fuscous band

just before extremity of hind femur (Fig. 4);

duskiness of tibiae due to presence of nar-

row black squamous hairs; outer surface of

all tibiae with a few ochreous lanceolate to

squamous hairs (Fig. 3), not striated like the

more usual decumbent hairs of legs and ab-

domen. Proportional length of hind tarsal

segments, 1 5: 1 2:7:6:5. Wing densely clothed

with dark hairs, narrowly squamous; area

of pale yellowish hairs at end of costa.

Branches of radius dividing to form distinct

cell (Fig. 2); end of costa at middle of wing,

fork of Cu directly below. Halteres white.

Abdominal tergites uniformly brown except

8 + 9 which are pale ochreous with faint

lateral brown spots; stemites 3-7 pale brown

with stronger lateral coloring, 8 yellowish.

Cerci pale. Tergites and pleural membrane
clothed with narrow black-striated hairs;

pale simple hairs on venter. Spermathecae

two; 0.090 by 0.056 mm, subspherical, no

chitinization on neck. Length 1.6 mm; wing

2.1 1 by 0.45 mm; antenna 0.6 mm.
"Male. Specimen very imperfect. Palps

much as in female, but terminal segment

longer; proportional lengths, 9:1 1:38:20:16.

Hypopygium (Fig. 11): Aedeagus long,

rounded distally, hairy, without lateral ca-

rinae. Parameres joined in middle, a slender

pair ofbowed stylets extends backwards be-

yond end ofaedeagus. Side pieces of forceps

long, tapered slightly, with distinct brush of

fine hairs on inner side near anterior end;

claspers lost.

"This is a very typical Forcipomyia con-

forming closely to type. The larvae are very

close to F. bipunctata (Linnaeus), differing

only in the presence of a chitinous cap on

the last abdominal segment and in the ex-

traordinary dorsal cuticular armature. The

very bare, spineless pupa is distinctive, pos-

sessing as it does a row of unusually small

respiratory papillae on the prothoracic horn.

The adult female belongs to the small group



168 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

exhibiting a row of lanceolate scales on the

tibiae; apart from this character they may
readily be distinguished from most other

species by the minute dark sclerite in front

of the wing base."

Distribution.— Argentina, Brazil, Costa

Rica, Panama.

Specimens examined.—ARGENTINA:
Pinamar, Bs. As., 27.iii.1981, G. SpineUi, 1

female (paratype). BRAZIL: Bahia, Itabu-

na, 1970, J. Winder, emergence traps, 5

males, 6 females; Bahia, Ilheus, CEPEC,
15.vi.l974, S. Soria, 1 female; Para, km 3,

Rodovia Castanhal-Curuca, Faz. Agricul-

tura Bandeirante, 31. v. 1980, S. Soria, ex

cacao cherelles, 4 males, 2 females; Rio de

Janeiro, Corcavado, 18.viii.l923, L. G.

Saunders, under bark, 4 larvae, 1 pupal ex-

uviae, 2 females. COSTA RICA: Heredia

Prov., vie. La Virgen, Finca La Tigra, 30.vi-

3.vii.l980, 25.vii.1981, 1 l,30,vii.l982, A.

M. Young, 2 males, 3 females. PANAMA:
Canal Zone, Pipeline Road, vii.1967, F. S.

Blanton, light trap, 1 female; Canal Zone,

Balboa, fogging Cassia tree, 19.vii.l979, E.

Broadhead, 1 female; Canal Zone, Gatun,

humid forest, fogging Spondias and Cordia

tree canopy, 9-1 0.vii. 1979, E. Broadhead,

2 males, 3 females.

Forcipomyia {Forcipomyia) soriai Wirth,

New Species

Figs. 12-21

A hairy yellowish species with dark hal-

teres; female with abundant long, dark, one-

striated scalelike setae on radial field ofwing

and on abdomen; wing with one small yel-

lowish costal spot; tibiae with row of blunt-

pointed, pale, hastate setae; hind tarsal ratio

0.92.

Allotype female.—Wing length 1.14mm;
breadth 0.52 mm; costal ratio 0.47.

Head: Pale brownish; overall clothed with

numerous long, brown, one-striated setae

giving a bushy appearance. Antenna (Fig.

1 3) with lengths of flagellar segments in pro-

portion of 20-15-15-1 5-15-15-15-16-1 5-1 5-

16-16-22, antennal ratio (11-15/3-10)0.67;

distal segments unusually short for the ge-

nus; proximal verticils appearing bushy.

Palpus (Fig. 14) with lengths of segments in

proportion of 10-11-22-13-10; third seg-

ment slightly swollen at base (palpal L/W
ratio 2.2), gradually tapering to tip, a small,

round, shallow, sensory pit near base; seg-

ments 4 and 5 with faint separation. Man-
dible without teeth.

Thorax: Pale yellowish brown, darker on

pleura, scutellum, postscutellum, and cox-

ae. Mesonotum with suberect fine yellowish

hairs. Legs uniformly yellowish except tib-

iae distally and all tarsi proximally, slightly

infuscated; with yellowish and brownish, fine

hairs, no broad flat scales; tibiae, and tarsi

to a lesser degree, with long, slender, brown
setae on extensor side; tarsomeres 1-3 with

row of strong, blackish, ventral spines, a

pair at apices of tarsomeres much stronger;

all tibiae with a row of erect, nearly hyaline,

hastate setae (Fig. 12) with petiolate bases

and bluntly pointed or rounded tips. Claws

moderately long and slender, strongly

curved, tapering to sharp tips; empodium
small. Hind leg with lengths from femur to

tarsomere 5 as 82-80-24-26-16-12-8; tarsal

ratio (T1/T2) 0.92; hind tibial spur yellow-

ish, straight, slender, tapering to sharp point.

Wing densely and uniformly covered with

brownish macrotrichia, except two anterior

patches of blackish, one-striated, scalelike

macrotrichia over radial field and just past

end of costa, the two patches separated by

a small pale spot of yellowish scales at end

of costa. Halter brownish.

Abdomen: Brownish, darker posteriorly

with numerous long, brown setae, especially

on pleura and on posterior segments. Sper-

mathecae (Fig. 15) two, dark brown, rela-

tively large; unequal, measuring 0.118 by

0.087 mm and 0.087 by 0.075 mm; the larg-

er oval, the smaller subspherical; both with

lightly sclerotized, slender, almost thread-

like entrances to the ducts.

Holotype male.— Wing length 1.21 mm;
breadth 0.43 mm; costal ratio 0.44. Similar

to the female with the usual sexual differ-



VOLUME 93, NUMBER 1 169

Figs. 12-21. Forcipomyia soriai: 12-15, female; 16, pupa; 17, 18, male; 19-21, larva: 12, hastate spines of

tibia; 13, antenna; 14, palpus; 15, spermathecae; 16, respiratory horn; 17, aedeagus; 18, genitalia, aedeagus

omitted; 19, head; 20, body segment, lateral view; 21, last two abdominal segments, dorsal view (lettering as in

text; scale in microns).

ences. Antenna with well-developed plume
of yellowish-brown verticils; lengths of fla-

gellar segments in proportion of 25-15-15-

15-15-15-15-15-16-55-28-20-32, antennal

ratio (12-15/3-1 1) 1 .03. Palpus with lengths

of segments in proportion of 9-1 1-27-12-

10; third segment more slender at base than

in female, palpal ratio 3.4. Legs with exten-

sor setae longer than in female, hastate spines

absent on tibiae; tarsi with numerous long,

slender, black spines ventrally; claws long,

slender and curved; empodium slender with

short rays. Hind leg with lengths from femur

to tarsomere 5 as 86-80-24-26-17-13-10;
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tarsal ratio 0.92; tibial spur pale yellow,

straight, slender, Vy as long as basitarsus,

tapering to sharp point. Wing with pale yel-

lowish macrotrichia overall, a small clump
of strong blackish macrotrichia over first

radial cell and another just past end ofcosta,

the two separated by a small area of yellow-

ish macrotrichia. Halter brownish. Abdo-
men yellow, with brownish pigmented areas

laterally on each segment; with abundant,

long, brownish, bristlelike setae, without

broad striated scales.

Genitalia (Fig. 1 8).— Ninth sternum about

twice as broad as long, caudal margin slight-

ly convex with shallow mesal concavity;

basistyle about twice as long as broad, with-

out stout setae on mesal face but with nu-

merous long, bristlelike setae laterally and
distally that are about twice as long as dis-

tistyle, the latter straight, slender, and ta-

pered to slender tip. Aedeagus (Fig. 17)

shield-shaped, broad basally, length equal

to basal breadth, with short basal arms, the

basal arch only a slight concavity; sides con-

vex, tapering to a blunt caudomedian point.

Parameres with slender, straight, basal apo-

demes; joined mesally on basal fourth; dis-

tal portions relatively stout, nearly straight

and parallel, with the blunt tips slightly

curved laterad.

Larva.— Length 4-5 mm when mature.

Color yellowish white; head capsule pale

brownish; dorsal body hairs borne on
brownish conical prominences (Figs. 20, 2 1 ).

Hairs p and q of head (Fig. 1 9) long and
slender, with spear-shaped tip, that ofp hair

much larger than q. Antenna long and ta-

pering, borne on a large subconical pedestal.

Body hairs as in Fig. 20; a hairs with long

slender stem and spear-shaped tip, even on
last segment (Fig. 21). Cuticular armature

absent. Prothoracic pseudopod cleft, each

lobe with 6-7 small brown hooks; posterior

pseudopod with a row of 14-16 brown
hooks. Cauda short but pointed.

Pupa.— Exuviae only, length not mea-
sured. Color pale yellowish, integument

without spinules or shagreening. Respira-

tory horn (Fig. 16) irregularly oval in out-

line, with very short, stout peduncle; in

cross-section appearing slightly flattened

with the spiracular openings forming a slight

rim; 16-18 spiracular openings in a straight

row up posterior side and around tip. Body
tubercles not developed, setae scarcely vis-

ible under high magnification.

Distribution.— Brazil, Puerto Rico, Trin-

idad.

Types.— Holotype male, allotype female,

Brazil, Itajuipe, Fazenda Almirante,

9.V.1988, J. A. Winder, in emergence trap

(deposited in USNM). Paratypes, 37 males,

44 females, 1 larva, 2 pupal exuviae: Brazil,

same data as types, but dates iv.l987-

vii.1989, 28 males, 35 females; Bahia, Ita-

buna, 1970, J. A. Winder, emergence trap,

6 males, 4 females; Bahia, Ilheus, CEPEC,
4-9.viii.1972, S. Soria, at flowers of cacao,

1 male, 3 females. Puerto Rico, Maricao,

21.i.l953, L. G. Saunders, reared from ba-

nana leaves, 1 larva, 1 pupal exuviae, 1 male.

Trinidad, no locality, 7.V.1953, L. G. Saun-

ders, reared from wet leaves in stream, 1

larva, 1 pupal exuviae, 1 male.

Discussion.— This species is dedicated to

Saulo de Jesus Soria of Bento Goncalves,

R.S., Brazil, in recognition of his long and
continued interest and his many important

contributions pertaining to the role of cer-

atopogonids in cocoa pollination through-

out Central and South America.

Lane's description and figure of the male

genitalia ofF. argenteola Macfie from Brazil

probably refers to F. squamitibia Lutz, as

all species of this group have the hind tarsal

ratio of about 1 .0 and the parameres with

narrow basal separation and quite slender

proximally. Forcipomyia argenteola, to the

contrary, belongs to a group of species re-

viewed by Wirth (1982) which has the hind

tarsal ratio about 0.5 and the male para-

meres with bases fused in a broad plate with

posterior concavity and the caudal process-

es relatively stout and tapering to a sharp-

pointed tip. Wirth (1982) described the male

of F. argenteola from males with associated
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females from Nova Teutonia, Brazil, the

type locality. Species of the Forcipomyia

squamitibia Group can be distinguished by

the following key:

Key to Species of the

Forcipomyia squamitibia Group

1

.

Hastate spines of female tibiae in two dense

irregular rows; large dark brown species, wing

length 1.7-2.0 mm; hind tarsal ratio 1.0 ....

chilensis (Philippi)

- Hastate spines of female tibiae in one sparse

row; large or small, pale or dark species 2

2. Mesonotum with dark vittae; small dark brown

species, wing length 0.93 mm; hastate tibial

spines brown, short, and broad with sharp tip;

hind tarsal ratio 0.9 sexvittata Wirth

- Mesonotum not vittate; color, size and tibial

spines various 3

3. Hastate tibial spines longer than width of tibia 4

- Hastate tibial spines as long as width of tibia

or shorter 5

4. Yellowish brown species with unmarked yel-

lowish legs; tibial spines slightly longer than

width of tibia, swollen in midportion, tapering

to sharp tip; antenna pale; third palpal segment

swollen on proximal '/s; wing length 1.3 mm;
hind tarsal ratio 1.0; male parameres with fi-

liform tips straight and parallel squamitibia Lutz

- Dark brown species with brown legs; tibial

spines much longer than width of tibia, slender

and only slightly swollen in midportion; an-

tenna dark brown; third palpal segment swol-

len on proximal %; wing length 1.5 mm; hind

tarsal ratio 1 .3; male unknown
tenuisquamipes Wirth

5. Legs pale yellow, hind femur with narrow apex

brownish; hastate tibial spines petiolate with

broad apices; wing length 1 . 1 mm; hind tarsal

ratio 0.9; spermathecae pale; male parameres

with filiform tips crossing (Fig. 11)

pinamarensis Spinelli

- Legs dusky yellowish with tibiae brownish dis-

tally, hind femur without distal dark band; has-

tate tibial spines slightly petiolate with tips

moderately broad and slightly tapered to point;

wing length 1.14 mm; hind tarsal ratio 0.92;

spermathecae dark brown; male parameres

stout distally with tips abruptly bent a short

way, divergent (Fig. 18)

soriai Wirth, new species

Subgenus Lepidohelea Kieffer

Debenham (1987b) has presented an ad-

mirable discussion ofthe difficult taxonomy

of the subgenus Lepidohelea, including

characters that may be used to separate the

species groups occurring in the Australasian

Region. The American species appear to fall

in two groups differing from the Old World
species, most of which would fall within

what Debenham has named the chrysolopha

Group. The American species may be dis-

tinguished from the chrysolopha Group by

the following key:

1. Palpus with four segments; one spermatheca;

male dististyle more or less expanded distally

(Western Hemisphere species)

annulatipes Group
- Palpus with five segments; two spermathecae;

male dististyle various 2

2. Male dististyle straight or slightly curved, ta-

pering to slender tip (Western Hemisphere spe-

cies) bicolor Group
- Male dististyle straight to sinuate, tip more or

less expanded (Eastern Hemisphere species)

chrysolopha Group

Forcipomyia {Lepidohelea) bicolor

Species Group

Forcipomyia {Lepidohelea) winderi Wirth,

New Species

Figs. 22-30

A hairy, predominantly yellowish species

with brownish markings; female wing dark

with one large pale anterior spot, male wing

pale except for dark costal field; palpus stub-

by, third segment not swollen, with small

shallow pit; antenna moderately long; legs

banded with bicolor Group type markings,

femora pale except hind femur with apical

dark brown band, all tibiae and tarsi band-

ed; male genitalia with brownish markings

laterally on ninth sternum, distal halves of

basistyles, and all of dististyles.

Female holotype.—Wing length 1.11 mm,
breadth 0.44 mm; costal ratio 0.47.

Head: Pale brownish, overall clothed with

numerous long, brown, one-striated setae

giving head a bushy appearance, especially

strong and numerous on clypeus. Antenna

(Fig. 22) with lengths of flagellar segments

in proportion of 20-16-16-16-16-16-15-15-

20-20-20-20-23, antennal ratio 0.79; anten-
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Figs. 22-30. Forcipomyia windert: 22-25, 29, 30, female; 26-28, male: 22, antenna; 23, palpus; 24, 26, wing;

25, striated scales of body and legs; 27, aedeagus; 28, genitalia, aedeagus omitted; 29, fore, mid, and hind legs

(top to bottom); 30, spermathecae (scale in microns).

nal verticils short and strong. Palpus (Fig.

23) with lengths of segments in proportion

of 8-12-17-9-8; third segment slightly swol-

len in midportion, spindle-shaped, with un-

usually small, shallow, round, sensory pit.

Mandible without teeth.

Thorax: Reddish brown; mesonotum
somewhat paler in midportion, clothed

abundantly with long, pale brown, bristly,

erect setae and fine, yellowish, appressed

hairs. Scutellum paler in midportion. Legs

(Fig. 29) yellowish, with brownish bands as

figured: fore and mid femora pale, tibiae

with narrow basal and broad apical bands;

hind femur with broad apical, and hind tibia

with broad basal and narrow subapical

bands; bands more intense on hind leg; fem-

ora and tibiae with some long, brownish,

bristly setae, and abundantly clothed with

broad, sharp-pointed, 4- or 5-striated scales

(Fig. 25). Hind tibial spur short and pointed,

nearly straight, about as long as breadth of

tibia. Tarsomeres dark banded in midpor-

tion; hind tarsal ratio 1.07; claws slender
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and curved. Wing (Fig. 24) dark brown,

abundantly clothed with long, one-striated

macrotrichia, these especially stout and

dense over radial veins, this area appearing

blackish; a moderately large pale anterior

spot just past end of costa in cell R5, the

macrotrichia pale yellowish in this area.

Halter pale.

Abdomen: Pale yellowish brown proxi-

mally, becoming dark brown distally;

clothed with sparse setae, and abundantly

with appressed, flattened, striated, sharp-

pointed scales (Fig. 25), latter varying in

width, and with 2 to 5 striations. Two rather

small ovoid spermathecae (Fig. 30) without

distinct necks; slightly unequal, 0.072 by

0.046 mm and 0.061 by 0.043 mm.
Male allotype.—Wing length 1.30 mm,

breadth 0.43 mm; costal ratio 0.42. Similar

to the female with the usual sexual differ-

ences. Wing (Fig. 26) much narrower, uni-

formly pale yellowish, with fine macrotrich-

ia except costal field provided with

abundant, broad, scale-like macrotrichia

forming a prominent dark area, another

small, dark-scaled area on anterior margin

at midlength of cell R5. Antenna with

prominent plume of strong verticils, these

brown on basal half of plume, yellowish on

distal half; lengths of flagellar segments in

proportion of 26- 15- 14- 14- 15- 15- 15- 16-1 6-

17-33-30-35, antennal ratio 1.00. Palpus

slender; lengths of segments in proportion

of 2- 13- 17- 10- 10; palpal ratio 2.4. Hind leg

with lengths from femur to tarsomere 5 as

94-96-28-30-20-13-10; tarsal ratio 0.93;

tibial spur longer than in female, 1.3 times

as long as apical breadth of tibia. Abdomen
yellowish; terga with posterolateral comers

brownish forming broken segmental bands;

distal segments provided with broad stri-

ated scales, increasing in breadth and num-
ber posteriorly, ninth tergum with dense

broad scales.

Genitalia (Fig. 28): Ninth sternum slight-

ly concaved caudad, brownish on postero-

lateral comers; basistyle moderately broad,

brownish on distal half; dististyle slender

and nearly straight, entirely brownish. Ae-

deagus (Fig. 27) unusually long, more than

twice as long as basal breadth; basal arms

unusually short, sides slightly convex, ta-

pering gradually to pointed tip which ap-

pears to be slightly cleft. Parameres forming

nearly straight, slender rods reaching level

of tip of aedeagus, their bases broadly sep-

arated on the strongly sclerotized, ribbon-

like connective between the basistylar apo-

demes.

Immature stages.—Unknown.
Distribution.— Brazil, Eucador.

Types.— Holotype female, Brazil, Bahia,

Itajuipe, Fazenda Almirante, 4.V.1988, J.

A. Winder; allotype male, same data but

23.V.1988 (in USNM). Paratypes, 76 males,

37 females, as follows: Brazil, Bahia, same

data as types, but dates v.l987-x.l989, 50

males, 19 females; Bahia, Itabuna, 1970, J.

A. Winder, reared from rotting cacao pods,

1 male, 1 female; same, but taken 1970-

1971 in emergence traps, 20 males, 12 fe-

males. Ecuador, Quemado, Pichilingue,

N.I.A.P., iv-v.l978, J. Mendoza, reared

from rotting vegetation, 5 males, 5 females.

Discussion.— This species is named in

honor ofJohn A. Winder of Curitiba, Brazil

in recognition of his outstanding research

on the ceratopogonid pollinators of cocoa

in Brazil.

Winder ( 1 977a: 58) reported that this spe-

cies (listed as a banded-legged species of

Forcipomyia (Forcipomyia) comprised 3.8%

of the total catch of ceratopogonid midges

collected in cocoa flowers at CEPLAC in

Bahia, Brazil. This species was also reared

from rotting cocoa pods.

Key to Neotropical Species of the

Forcipomyia bicolor Group

1

.

Femora dark from base to tip (narrow knee

spots may be pale, narrow bases may be pale) 2

- Femora extensively pale proximally. may be

entirely pale 5

2. All tibiae entirely dark; antenna long, seg-

ments with narrow base swollen, abruptly

narrowed to long, slender, distal portion;
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mesonotum with four pairs of lines of white

scales squamithorax Clastrier

- At least hind tibia with broad sub-basal pale

band; mesonotum and hind tibia various . . 3

3. Antenna short, segments short tapering; all

tibiae with broad sub-basal to median pale

bands (faint on fore leg); female wing with-

out pale spot or pale areas; small species,

wing length 1.1-1.5 mm . . abercrombyi Macfie

- Antenna long, segments with narrow bases

swollen, abruptly narrowed to long slender

distal portion; larger species, wing length 1 .3-

1.8 mm 4

4. Basal dark brown band in hind tibia narrow,

not as broad as second band; hind femur

with narrow distal pale band at knee distinct

dubia Macfie

- The two dark brown bands on hind tibia

about equal in width; hind femur with nar-

row distal pale band at knee indistinct . .

.

lachmotorii Macfie

5(1). Fore and mid femora entirely pale; female

wing mottled with pale and dark areas; an-

tenna short and stubby; third palpal segment

with deep pit seminole Wirth

- Fore and/or mid femora with brown bands;

antenna long; female wing dark or mottled;

palpal pit various 6

6. Fore and mid femora pale except mid femur

with basal dark band flavifemoris Macfie

- Fore and mid femora dark on distal half or

more 7

7. Legs pale with narrow dark bands; female

wing mottled; third palpal segment offemale

slender with shallow pit; spur of hind tibia

slender, straight, pale; female genital scler-

otization without spines or long setae; male

basistyle and dististyle with pale bases . .

.

winderi new species

- Legs with extensive, broad dark bands; fe-

male wing dark; third palpal segment of fe-

male swollen to past midportion with deep

pit; spur ofhind tibia long, curved, dark with

pale base; female genital sclerotization with

tuft of long setae on ends, with several short

spines along midportion; male basistyle and

dististyle various 8

8. Both male fore claws slender throughout;

male dististyle pale, basistyle pale at base;

aedeagus with two lateral grooves; sperma-

thecae large, oval, short neck present

bicolor Lutz

- One male fore claw with ventral tooth; male

dististyle brown distally, often to base; ba-

sistyle variably brownish to base; aedeagus

with two lateral and one median, longitu-

dinal grooves; spermathecae small, slightly

ovoid, no neck discoloripes Macfie
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SOME HELICOPSYCHE VON SIEBOLD SPECIES FROM
CUBA AND HISPANIOLA WITH CONSPICUOUS ANDROCONIAL
SYSTEMS (INSECTA: TRICHOPTERA: HELICOPSYCHIDAE)

L. BOTOSANEANU AND O. S. FlINT, Jr.

(LB) Instituut voor Taxonomische Zoologie, Plantage Middenlaan 64, 1018 DH Am-
sterdam, The Netherlands; (OSF) Department of Entomology, MRC-105, National Mu-
seum of Natural History, Smithsonian Institution, Washington, D.C. 20560.

Abstract. —Two new species, Helicopsyche altercoma from the Dominican Republic and
H. sigillata from Cuba, are described and figured, the Cuban H. comosa Kingsolver is

redescribed and figured as is the female lectotype of//, lutea (Hagen) from the Dominican
Republic. Androconial structures are found on the male gonopods of comosa, on the

underside of the forewings and male gonopods of altercoma, and on the underside of the

forewings only in sigillata.

Key Words: caddisfly, Cuba, Dominican Republic, new species, androconial organs,

systematics

Helicopsyche comosa Kingsolver (1964)

was described from Cuba and was charac-

terized by possessing peculiar, extremely

long, hair tufts on the gonopods. Since then,

collections have been made of several Hel-

icopsyche species from Cuba and the Do-
minican Republic either bearing such long

hair tufts, or with wing androconia, or both;

but, excepting a few brief mentions, none
of these unusual insects were described.

These species and their remarkable struc-

tures are here described. The material used

for this study is kept in either the National

Museum of Natural History (NMNH),
Smithsonian Institution, Washington, DC,
USA, in the Zoological Museum ofthe Uni-

versity of Amsterdam (ZMA), Amsterdam,
The Netherlands, or in the Museum of

Comparative Zoology (MCZ), Harvard
University, Cambridge, MA, USA.

Helicopsyche comosa Kingsolver

Figs. 1-7

Helicopsyche comosa ¥An%,so\\Qr, 1964: 259.

Material examined.— Cuba, Pinar del Rio
Province: Soroa, Rio el Manantiales, 3 May

1973, L. Botosaneanu, 1 3 6 (alcohol, ZMA);
Soroa, 27-28 April 1983, W. N. Mathis, 2

<5 (pinned, NMNH); "Cuba Ch. Wright" (no

other details, but specimens almost certain-

ly from Pinar del Rio), 3 5 (pinned, MCZ).
The type (not examined) is from "Aspiro-

Rangel, Pinar del Rio Province."

Male.— Length of forewing, 5-5.9 mm.
Wings devoid of androconia. Abdominal
stemites III and IV with well-developed re-

ticulation; stemite V with very feeble retic-

ulation; stemite VI with relatively long,

straight appendage, apically slightly wid-

ened and blunt; stemite VII unmodified.

Stemite IX in lateral view with short, but

distinct, pointed projection posteriad (this

projection is the lateral aspect ofwhat looks

like two rounded posteromedial lobes in

ventral view). Segment X hood-like in lat-

eral view, apically tapering (lateral and dor-

sal view), with slight apicomesal emargi-

nation, with an irregular, longtitudinal row

of short setae. Gonopod large, broad, in lat-

eral view more than twice as broad distally

than basally, ventral margin sinuous, apex
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Figs. 1-4. Male genitalia ofHelicopsyche comosa Kingsolver. 1 , dorsal. 2, stemite IX and gonopods (gonopodial

penicillus not represented), ventral. 3, lateral (gonopodial penicillus not represented). 4, phallic apparatus, lateral.

slender, digitate, turned mediad; internal

face with strongly developed relief; baso-

mesal lobe in lateral aspect slightly and tri-

angularly projecting beyond dorsolateral

lobe, in ventral view relatively slender, par-

allel-sided, with several stout spines api-

cally and preapically. Most of lateral face of

gonopod bearing extremely long, silky (cop-

pery-reddish) setae, about three times long-

er than the gonopod itself (it is not possible

to distinguish different types of setae in these

brushes).

Female.—The following description and

illustrations (Figs. 5-7) were prepared from

specimens from Soroa (in alcohol, collected

by L.B. on 3 May 1973, and provisionally

determined by the late H. H. Ross as como-

sa females). This association should be con-

sidered tentative, because at this locality fe-

males of at least two species were caught
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Figs. 5-7. Helicopsyche comosa Kingsolver, female (association tentative). 5, stemite VII. 6, 7, genitalia,

dorsal and ventral.

together. Length of forewing: 5.8-6.8 mm.
Stemites III and IV with very well devel-

oped reticulation; appendage on sternite VI,

oblique, pointed, about Vi length of its ster-

nite (if all female specimens available from

Soroa are considered, the length of this ap-

pendage varies greatly). Middle of stemite

VII, very distinct, oblique, triangular scler-

otizations, bearing numerous fine setae with

large alveolae (in some specimens these two

sclerites may be fused along the median line);

proximally to these sclerites there is some-

times another, darker zone, but never so

distinctly delineated as in H. altercoma n.

sp. (see below). Middle of stemite VIII with

large, roughly triangular, darker sclerite.

Spermathecal "neck" slender, distinctly

longer than spermatheca itself.

Helicopsyche altercoma,

New Species

(Figs. 8-16)

Material examined.— Dominican Repub-
lic, Dajabon Province: Rio Massacre, Bal-

neario El Salto, Loma de Cabrera, 222 m.

24-25 May 1973, D. & M. Davis: male ho-

lotype (alcohol, NMNH). La Estrelleta

Province: 4 km SE Rio Limpio, 760 m, 24-

25 May 1973, D. & M. Davis: female al-

lotype, 1 <5, 4 9 paratypes (alcohol, NMNH).
La Vega Province: Constanza, 21 Aug. 38,

3-4000 ft, Darlington: 1 9 paratype (pinned,

MCZ); Convento, 1 2 km S of Constanza,

6-13 June 1969, O. S. Flint, Jr., & J. Go-
mez: 1 (5, 1 9 paratypes (pinned, ZMA &
NMNH); Jarabacoa, 3-4 June 1969, O. S.

Flint, Jr., & J. Gomez: \ 6, 18 9 paratypes

(pinned, NMNH); Rio Camii, 19 km NE
Jarabacoa, 12 June 1969, O. S. Flint, Jr., &
J. Gomez: 1 9 paratype (pinned, NMNH);
Jarabacoa, blacklight at Rio Jimenoa, 13

Nov. 1984, P. J. & P. M. Spangler, R. Fai-

toute: 7 9 paratypes (alcohol, NMNH); La

Palma, 12 km E of El Rio, 2-13 June 1969,

O. S. Flint, Jr., & J. Gomez: 1 9 paratype

(pinned, ZMA). Location unknown: "S.

Fmcsco Mts [San Francisco] St. Domingo,

W.I., Sept 1905" [coll. August Busck]: 1 5

paratype (pinned, NMNH).
Male.— Length of forewing: 4^.9 mm
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9

Figs. 8, 9. Helicopsyche altercoma, n. sp., male. 8, forewing (inferior face). 9, strongly enlarged androconium.

(smaller than comosa). Forewing centrally

on its inferior face, with very large patch

(between R. and M4) covered with black

androconia; these androconia foliaceous,

elongate, rather narrow, with longitudinal

ribs and relatively strong but short petioles;

the black androconial patches, not located

in pockets or pouches, are easily seen with

the naked eye; central, sinuous part of Ri,

with long row of very fine, long, relatively

stiff setae, whose tips often curled, and di-

rected towards androconial field. Interest-

ingly, there is no difference which could be

described in the male genitalia, or in the

sternal reticulation, between altercoma and

comosa: the description given for the latter

species applies almost perfectly to alter-

coma (ofcourse, slight differences in the ob-

servational angle may result in strongly dif-

ferent aspects; this is, for instance, the case

with the gonopods in ventral view— Figs. 2

and 12— or in lateral view— Figs. 3 and 1 1).

It is possible that segment X in dorsal view

has a somewhat broader apex, with less dis-

tinct apicomesal incision, and with tufts of

apical spines; moreover, there seems to be

a slight difference in the shape ofthe median
part of the posterior border of stemite IX.

Female.— Length of forewing of allotype:

5,7 mm. Stemite III with well developed

reticulation, but forming only relatively

short transverse belt; stemite IV also with

well developed reticulation, also forming

transverse belt, but clearly more developed

lengthwise; stemite V with much less de-

veloped reticulation; appendage of stemite

VI pointed, extremely variable in length.

Stemite VII with characteristic sclerotiza-

tions: pair of posterior, oblique sclerites, ba-

sally relatively narrow, tapering to apical

points, with relatively few setae with large,

distinct alveolae; proximally to these oblique

sclerites, another pair of distinct, transverse

sclerites with irregular limits. Spermathecal

"neck" about as long as the spermatheca

itself, relatively broad, especially proxi-

mally where it is two times broader than at

its distal end.

Derivatio nominis.—The specific name
was coined from Latin "altera" (the other)

and "coma" (mane).

Helicopsyche near comosa Kingsolver

Helicopsyche near comosa Kingsolver.—

Botosaneanu, 1977: 233; 1979: 37, 53.

In two publications mention was made of

a Helicopsyche certainly near comosa, but

apparently distinct from it. The male had

the very long brushes of setae on the gon-
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Figs. 10-13. Male genitalia of Helicopsyche altercoma, n. sp. 10, dorsal. 1 1, lateral (gonopodial penicillus

not represented). 1 2, stemite IX and gonopods at slightly different angle from that in Fig. 2 (gonopodial penicillus

not represented), ventral. 13, phallic apparatus, lateral.

opods, but unfortunately, never was men-
tion made as to the presence or absence of

an androconial patch on the forewings. A
male and two females of this species were

caught on 22 Feb 1 973 (L. Botosaneanu coll.)

at the Rio Sabanilla, a tributary of the Rio

Miel, 6 km south of Baracoa, near the east-

em end ofCuba. This interesting male spec-

imen, sent long ago for study to the late H.

H. Ross, was not returned to L. Botosa-
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14

16

Figs. 14-16. Helicopsyche altercoma, n. sp., female. 14, steraite VII, and another view of one of the posterior

sclerites. 15, 16, genitalia, dorsal and ventral.

neanu after Ross' death, and must be con-

sidered as lost. We are thus unable to de-

termine if the Helicopsyche near comosa

from Oriente is a distinct species or H. al-

tercoma, n. sp.

Helicopsyche lutea (Hagen)

(Figs. 17-20)

Notidobia lutea Hagen, 1861: 271.— Ross,

1952: 35 [lectotype].

Helicopsyche lutea (Hagen).— Hagen, 1 866:

254 [to Helicopsyche, Haiti].— Fischer,

1970: 299 [bibliography]. -Flint, 1967:

24.

This species was described from "St. Do-

mingo," the old name for the Island of His-

paniola (also the name for the capital of the

Dominican Republic). Hagen later recorded

it from Haiti not mentioning St. Domingo:

there is no basis for Haiti on the specimen

labels or in any other published data and

we conclude it was a lapsus on his part for

Santo Domingo. Heretofore, no illustration

of the species has been published. The lec-

totype, designated by Ross, is a female: this

specimen was studied (together with anoth-

er specimen from Hagen's syntypic series,

also a female: both pinned and in the MCZ)
and its genitalia are here figured. Flint ( 1 967)

suggested that lutea is identical with the Cu-

ban comosa, a possibility we now believe

unlikely. The female genitalia of lutea ap-

parently differs in several respects from that

oi altercoma, but one difference seems to be

decisive: stemite VII in lutea is extremely

simple (Fig. 1 7), without any of the darker

sclerites found in altercoma (Fig. 14). The

conclusion is that lutea cannot be the female

of one of the presently known species in the

""comosa group." A few other details on the

female lectotype are here noted: length of

forewing about 5 mm; setae on both wings

golden, perhaps with very faint reddish tinge;

antennae distinctly crenate, segments brown.
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Figs. 17-20. Female lectotype of Helicopsyche lutea Hagen. 17, stemite VII. 18, appendage of stemite VI.

19, 20, genitalia, dorsal and ventral (arrow pointing to lateral view of one of the alveolar patches with sensillae).

articulations yellow; head dorsally, pro- and
mesonotum, entirely yellow.

Helicopsyche sigillata,

New Species

(Figs. 21-28)

Material examined. — Cuba, Oriente

Province: Baracoa, Monte Iberia, 22 Dec.

1977, N. Novoa: male holotype, female al-

lotype (both in ZMA), 5 3, 3 9 paratypes (all

in alcohol, NMNH & ZMA); Baracoa,

Monte Iberia, Nibujon [approximately

20°31'N, 74°39'W], March 1972, L. Armas:
5 3, 1 2 paratypes (alcohol, ZMA). Monte
Iberia is a meseta, isolated and strongly for-

ested, near Baracoa, at the eastern end of

Cuba.

Male.— Length of forewing: 3-3.5 mm.
Very small and very pale species. On infe-

rior side of forewing, at distal part of prox-

imal third, with relatively well delimited

(distally through the anastomosis) pocket

containing ca. 50 androconia; these seed-

like (not very flat), strongly pointed apically,

with longitudinal ribs, with long and very

delicate, flexible petioles; most very dark,

but, under a certain light, some golden. The
androconial patches visible to the naked eye.

Stemite III with loose reticular structure;

stemite IV with very faint, feebly developed

reticular stmcture; no dark, strong sclerites

nor appendages on the following stemites.

Segment X in lateral view strong, with tmn-

cated apex. Gonopod rather broad (about
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Figs. 21, 22. Helicopsyche sigillata, n. sp., male. 21, forewing (inferior face). 22, strongly enlarged andro-

conium.

two times broader at its distal margin than

at its base); apical angle appearing bluntly

rounded in perfectly lateral aspect, but pro-

duced into sharp, mesally-directed beak

from posterior aspect; in ventral view the

gonopods are especially slender, their par-

allel-sided basomesal lobes well separated

from lateral lobes, with subapical seta on

internal margin and some stout apical spines.

Female.— Length of forewing: 3.6-3.7

mm. Stemite III with well-developed, trans-

verse, reticulate belt; stemite IV with less

well developed reticulation; no appendage

from stemite VI; stemite VII with a char-

acteristic sclerite (Fig. 28), difficult to dis-

cem in pale specimens. Spermatheca with

sinuous lateral margins, distal lobes not

strongly produced laterally, spermathecal

"neck" shorter than spermatheca itself, es-

pecially broad at proximal end.

Derivatio nominis.—From Latin "sigil-

latus" (sealed), alluding to the androconial

patch looking like a seal.

Discussion

Androconial organs, i.e. specialized cu-

ticular stmctures often connected to glan-

dular cells, are known in rather many male

Trichoptera belonging to different families.

Nevertheless, the case of Helicopsyche al-

tercoma is particularly interesting, because

we have here two types of co-adapted an-

droconial organs: alar organs (androconia,

and very probably also glandular cells and

organs— which we were unable to see with

the optical microscope) and abdominal or-

gans (large bmshes of setae inserted on the

gonopods). Two types ofco-adapted andro-

conial organs are very frequent in butterflies

and moths (Vane-Wright and Ackery 1984,

Birch et al. 1990). For instance, such organs

are almost universally present in the but-

terfly subfamily Danainae, where excellent

evidence exists that the abdominal pencils

disseminate during courtship "pheromone

transfer particles" produced in glands lo-

cated under the alar androconial organs. For

dispersal, mechanical contacts are estab-

lished between the hair pencils and the alar

organs— these last being only of "indirect"

function (see for instance, the study by

Boppre and Vane-Wright 1989, from which

we take most of the information on Dan-

ainae). Nevertheless, it must be mentioned

that in Danainae the alar organs are mostly

on the hindwings, whereas the abdominal

pencils are extrusible and normally retract-

ed within the abdomen. Such "pairs of an-

droconial organs developed in diflerent parts

of the body and requiring special behav-
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Figs. 23-28. Male (23-26) and female (27, 28) genitalia of Helicopsyche sigillata, n. sp. 23, lateral. 24,

gonopod, lateral, under a different angle. 25, phallic apparatus, lateral. 26, stemite IX and gonopods, ventral.

27, female genitalia, ventral. 28, sclerite of female stemite VII.

ioural activity to make functionally neces-

sary mechanical contacts are called binate

organs'^ (in Trichoptera, besides H. alter-

coma, such a case may be that of Oecetis

maspeluda Botosaneanu, from Cuba and Isla

de Pinos). Whereas "pairs of organs which

unavoidably make contact by virtue of their

respective anatomical positions" are called

dual organs (in Trichoptera, a typical case

being that of all known species of the Neo-

tropical and Antillean genus Amphoro-
psyche Holzenthal).

The case of H. comosa is different: the

gonopodial penicillia are developed exactly

as in H. altercoma, but alar organs are ab-

sent—this being the unique conspicuous dif-

ference between the males of the two sister

species. The question may be asked: what
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may be the function ofgonopodial penicillia

in the absence of alar organs? This is exactly

the case of a few Danainae, where the pres-

ence of some "alternative system" on the

abdomen is considered as possible.

In H. sigillata, we have the relatively sim-

ple case of a well developed wing organ in

the absence of abdominal— or other-

brushes of setae. An interesting peculiarity

shared by the probably not closely related

species H. altercoma and H. sigillata, is the

insertion on the section of R, facing the alar

organ of a row of fine, relatively stiff setae

clearly directed to this organ: we know noth-

ing about its function, but this may be stim-

ulation ofpheromone, or pheromone-trans-

fer-particle, production.

The evolutionary implications of the

presence of various androconial systems in

several Helicopsyche from Cuba and His-

paniola, are certainly important. Of course,

we have here also complex "specific mate

recognition systems" (Paterson 1985).
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Abstract. —The adult females of 2 new species of the margarodid genus Matsucoccus

(Homoptera: Coccoidea), M. banksianae and M. oocarpae are described and illustrated.

Matsucoccus banksianae was collected on Pinus banksiana in Minnesota. Matsucoccus

oocarpae was collected on P. oocarpa in Guatemala. Both species are morphologically

similar to M. alabamae Morrison, M. californicus Morrison and M. vexillorum Morrison,
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The genus Matsucoccus Cockerell (1909)

is a group of pine-infesting margarodids

found throughout most areas of the North-

em Hemisphere where pines are found. Re-

cent investigations have led to the discovery

of 2 new species, increasing the number of

described species in the Western Hemi-
sphere to 19. Both new species are mor-

phologically similar to 3 species described

by Morrison (1939), Matsucoccus alaba-

mae, M. californicus and M. vexillorum.

Matsucoccus alabamae is found in the

Southeastern United States, M. californicus

in the Western United States and M. vex-

illorum in the Southwestern United States.

Included in this paper are comprehensive

descriptions of adult females of two new
species of Matsucoccus, one from Minne-

sota and one from Guatemala. The key to

the North American species oi Matsucoccus

' Part of a dissertation submitted to the Graduate

School of Auburn University in partial fulfillment of

the Ph.D. degree requirements. Alabama Agricultural

Experiment Station Journal Series No. 17-902467P.

by Ray and Williams (1984) is modified to

accommodate the new species. In the fol-

lowing descriptions, measurements are giv-

en in microns and are presented in the text

as the average followed in parentheses by

the range. Measurements of M. banksianae

are based on a series of 10 specimens, those

of M. oocarpae on the 4 available speci-

mens.

Matsucoccus banksianae^

New Species

(Fig. 1)

Etymology. —This species is named after

its only known host, jack pine, Pinus banks-

iana Lambert.

Material studied.— Pinus banksiana: 1,

Cass Co., Minn., June 13, 1941, R. F. An-

derson (Paratype, USNM); 1, Cass Co.,

Minn. July 10, 1941, R. F. Anderson (Para-

type, USNM); 5, Cass Co., Minn. July 13,

1941, R. F. Anderson (Paratype, USNM);
1, Cass Co., Minn. July 16, 1941, R. F.

Anderson (Paratype, USNM); 5(10), Ely,
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Minn. June 1962, J. C. Bean (Holotype,

Paratype, USNM).
General description. —Body (Fig. lA)

parallel-sided to elongate-oval, widest point

on abdomen, posterior apex more broadly

rounded than head; 3538 (2252-48 14) long,

1507 (1 182-1875) wide. Legs and antennae

well developed; fleshy sensory setae on an-

tennal segments 6 to 9 inclusive; multiloc-

ular disc pores present, body setae of 1 size;

bands of cicatrices varying widely.

Dorsal surface. —Six to 10 setae (Fig. IB)

scattered on head, 5 rows encircling thorax,

15-30 in row 1, 18-52 in row 2, 32^6 in

row 3, 14-40 in row 4, 33-57 in row 5; 8

rows encircling abdomen, 24-39 in row 1,

22-40 in row 2, 21^0 in row 3, 25-56 in

row 4, 17-41 in row 5, 20-39 in row 6, 21-

33 in row 7, 19-32 in row 8. Additional

setae in short marginal bands between com-

plete abdominal rows and between anterior

abdominal row and metathoracic legs. Ab-

dominal setae 8 (6-9) long. Eyes single-fac-

eted, 22 (19-27) in diameter, with trans-

versely oval surrounding sclerotization 60

(49-69) wide. Bilocular tubular ducts (Fig.

IC) moderately to heavily sclerotized on

lateral margins, margins straight with oc-

casionally swollen bases, divergent, bases

unsclerotized to heavily sclerotized; 11(10-

1 5) total diameter, 4 (4-5) width of duct

orifice, 9 (9-10) high. Five to 10 total on

head; in 5 rows encircling thorax, 9-15 in

row 1, 7-28 in row 2, 14-23 in row 3, 14-

30 in row 4, 25-37 in row 5; 8 rows encir-

cling abdomen, 26-35 in row 1, 26-36 in

row 2, 30-40 in row 3, 27-39 in row 4, 27-

38 in row 5, 23-35 in row 6, 23-28 in row

7, 9-24 in row 8; in short marginal bands

between complete abdominal row and

metathoracic legs. Cicatrices (Fig. ID) in 3,

4, or 5 transverse rows on abdomen, 85-

366 in number, 8 (6-10) in diameter; first

row located between 2nd and 3rd or 3rd and

4th pairs of abdominal spiracles.

Ventral surface. —Body setae indistin-

guishable from, and continuous with, rows

of dorsal setae; 7-12 on head; abdominal

setae 1 1 (7-1 4) long; longest near coxae (Fig.

IE) 12 (9-21). Antennae (Fig. IF) well de-

veloped, 9-segmented, 627 (521-728) long.

Terminal 4 segments with fleshy setae. Seg-

ment II with 4-7 campaniform sensilla. Seg-

ments III through VIII with 0-2 interseg-

mental sensilla and 0-3 coeloconic sensilla.

Scape with a dorsal cluster of 8-13 setae, 7

(5-10) long; longest seta on segment II 23

(19-31) long; fleshy setae on segment VIII

20 (15-23) long. Legs (Fig. IG) well devel-

oped, 804 (712-981) long; 2 claw digitules

and 2 setiform tarsal digitules. Trochanters

with 6-1 1 sensoria and usually 1 long seta.

First tarsal segment with 1-4 campaniform

sensilla. Thoracic spiracles (Fig. 1 H) typical

ofgenus, anterior pair 62 (42-90) long from

orifice to tracheae, width of atrium 30 (20-

40), width ofsieve 13(11-15); posterior pair

55 (47-65) long from orifice to tracheae,

width of atrium 29 (22-35), width of sieve

12 (9-15). Seven pairs of abdominal spi-

racles (Fig. 1 1), sclerotized ring surrounding

orifices; diameter 13 (10-20). Cluster of 30-

68 multilocular disc pores (Fig. 1 J) at apex

of abdomen, total diameter 10 (9-12), di-

ameter of locule ring 6 (5-7), width of tu-

bular duct orifice 4 (4-5), 10 (8-11) high.

Locule ring with 9-13 loculi. Bilocular tu-

bular ducts in continuous series with, and

similar to, dorsal bilocular tubular ducts.

One to 4 small discoidal pores (Fig. 1 K), 4

(3-5) in diameter, midventrally between pro-

and mesothoracic legs and similarly be-

tween meso- and metathoracic legs.

Other stages. —Other stages are unknown

except the cyst stage, third stage males, and

adult males which are similar to those of

Matsucoccus alabamae.

Type material. —WoXoXyxiG. adult female

and 9 paratype adult females on 5 slides

collected on Pinus banksiana, Ely, Minn.

June 1 962 by J. C. Bean. One paratype adult

female on 1 slide collected on P. banksiana,

Cass Co., Minn. June 13, 1941, by R. F.

Anderson. One paratype adult female on

slide collected on P. banksiana, Cass Co.,

Minn. July 10, 1941, by R. F. Anderson.
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Five paratype adult females on 5 slides col-

lected on P. banksiana, Cass Co., Minn. July

13, 1941, by R. F. Anderson. One paratype

adult female on 1 slide collected on P.

banksiana, Cass Co., Minn. July 16, 1941,

by R. F. Anderson. The holotype and 2

paratypes deposited in U.S. National Mu-
seum of Natural History, Beltsville, Md.;

one paratype in Coccoidea collections of

each of the following: University of Geor-

gia, Experiment; Florida State Collection of

Arthropods, Division of Plant Industry,

Florida Department of Agriculture and

Consumer Services, Gainesville; California

Department of Food and Agriculture, Sac-

ramento; Virginia Polytechnic Institute and

State University, Blacksburg; British Mu-
seum of Natural History, London, England;

Canadian National Collections, Ottawa,

Canada; Naturhistorishes Museum, Wien,

Austria; University of California at Davis;

Museum National d'Histoire Naturelle, En-

tomologie Generale et Appliquee, Paris,

France. One paratype has been retained in

the Coccoidea collection of Auburn Uni-

versity.

Matsucoccus oocarpae, New Species

(Fig. 2)

Etymology. —This species is named for

its only known host, Pinus oocarpa Schiede.

Material studied.—Pinus oocarpa: 2(3),

Quezaltenango, Guatemala, July 10, 1944,

E. J. Hambleton (Paratype, 1 USNM, 1 AU);

1, Ostuncalco, Guatemala, July 10, 1944,

E. J. Hambleton (Holotype, USNM).
General description. —Body (Fig. 2A)

parallel-sided to elongate-oval, widest point

on abdomen, posterior apex more broadly

rounded than head; 3968 (3366-4418) long,

1972 (1733-2209) wide. Legs and antennae

well developed; fleshy sensory setae on an-

tennal segments 6 to 8 (segment 9 missing

from available material); multilocular disc

pores present; body setae of 1 size; marginal

band of bilocular tubular ducts between last

thoracic row and first abdominal row ex-

tending entirely across dorsum; circatrices

in 4 bands with perhaps a slightly-devel-

oped 5th band.

Dorsal i'wr/^c^. —Approximately 8 setae

(Fig. 2B) scattered on head, 5 rows encir-

cling thorax, 25-26 in row 1, 31-53 in row

2, 29-46 in row 3, 23-28 in row 4, 50-5

1

in row 5; 8 rows encircling abdomen, 32-

34 in row 1, 35-43 in row 2, about 36 in

row 7, about 37 row 8 (other rows not enu-

merated due to poor condition of speci-

mens). Additional setae in short marginal

bands between complete abdominal rows

and between anterior abdominal row and

metathoracic legs. Abdominal setae 9 (7-

1 1) long. Eyes single-faceted, 26 (26-27) in

diameter, with transversely oval surround-

ing sclerotization 70 (67-74) wide. Bilocular

tubular ducts (Fig. 2C) with relatively di-

vergent tubules, more so basally, sides of

tubules lightly to moderately sclerotized,

bases swollen, bases lightly sclerotized to

unsclerotized; about 1 2 total diameter, 5 (4-

5) width of duct orifice, 10 (10-11) high.

Eleven to 13 total on head; in 5 rows en-

circling thorax, 47-74 in row 1, 38-46 in

row 2, 25-4 1 in row 3, 3 1^4 in row 4, 1 9-

22 in row 5; in 8 rows encircling abdomen,
50-64 in row 1, 51-70 in row 2, about 34

in row 7, about 3 1 in row 8 (other rows not

enumerated due to poor condition of spec-

imens). Additional bilocular tubular ducts

in short marginal bands between complete

abdominal rows and between anterior ab-

dominal row and metathoracic legs, the lat-

ter extending across entire dorsum. Ci-

catrices (Fig. 2D) in 4 transverse bands on

abdomen, 690-890 in number, 8 (6-10) in

diameter; first band located between 2nd

and 3rd or 3rd pairs ofabdominal spiracles.

Ventral surface.— Body setae indistin-

Fig. I. Matsucoccus banksianae, n. sp., adult female.
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guishable from, and continuous with, rows

ofdorsal setae; about 8 on head; abdominal

setae 13 (10-14) long; longest near coxae

(Fig. 2E) 15 (14-15) long. Antennae (Fig.

2F) well developed, apparently 9-segment-

ed, no specimens with antennae complete.

Segments VI, VII and VIII with fleshy setae.

Although segment 9 was missing on all

available specimens, other species of Mat-

sucoccus in North America with 9-seg-

mented antennae have 4-5 setae and 2 fleshy

setae on segment 9. Segment II with 3-6

campaniform sensilla. Segments III though

VI with 0-2 intersegmental sensilla and 0-

3 coeloconic sensilla. Scape with a dorsal

cluster of 1 1-14 setae, 8 (7-9) long; longest

seta on segment II 41 (38-43) long; fleshy

setae 24 (21-26) long. Legs (Fig. 2G) well

developed, 1084 (985-1204) long; 2 claw

digitules and 2 setiform tarsal digitules.

Trochanters with 10-13 sensoriaand 1 long

seta. First tarsal segment with 2 campani-

form sensilla. Thoracic spiracles (Fig. 2H)
typical of genus, anterior pair 80 (65-88)

long from orifice to tracheae, width of atri-

um 32 (32-33), width of sieve 12 (12-12);

posterior pair 75 (67-85) long from orifice

to tracheae, width of atrium 37 (33-40),

width of sieve 14 (12-15). Seven pairs of

abdominal spiracles (Fig. 21), sclerotized ring

surrounding orifices; diameter 16 (14-21).

Cluster of 7 1-92 multilocular disc pores (Fig.

2J) at apex of abdomen, total diameter 1

1

(10-12), diameter of locule ring 6 (6-6),

width of tubular duct orifice 4 (4-4), 9 (7-

12) high. Locule ring with 10-13 loculi. Bi-

locular tubular ducts in continuous series

with, and similar to, dorsal bilocular tubular

ducts. Four small discoidal pores (Fig. 2K),

4 (4-4) in diameter, midventrally between
meso- and metathoracic legs. Three to 4

similar pores between pro- and mesotho-
racic legs.

Other stages. —First instars and cysts are

included in the dry and slide-mounted ma-
terial. Both stages are typical of their re-

spective stages of Matsucoccus.

Type material. — Holotype adult female

collected on Pinus oocarpa, Ostuncalco,

Guatemala, July 10, 1944, by E. J. Ham-
bleton. Three paratype adult females on 2

slides collected on P. oocarpa, Quezalte-

nango, Guatemala, July 10, 1944, by E. J.

Hambleton. The holotype and 1 paratype

deposited in U.S. National Museum ofNat-

ural History, Beltsville, Md.; one paratype

had been retained in the Coccoidea collec-

tion of Auburn University.

Key

Ray and Williams (1984) provided a key

to the North American species of Matsu-

coccus which included 1 7 species. That key

may be modified as follows to accommo-
date the new species here described:

1 1

.

Marginal band of bilocular tubular ducts

between last thoracic row and first abdom-
inal row extending across abdominal dor-

sum 12

1 r. Marginal band of bilocular tubular ducts

between last thoracic row and first abdom-
inal row not extending across abdominal

dorsum 1 2a

1 2. Cicatrices in 4 bands, some specimens with

slightly developed 5th band; feeding on P.

oocarpa M. oocarpae, n. sp.

12'. Cicatrices in 5 or more bands; on P. pon-

derosa M. vexillorum Morrison

1 2a. Tubules ofbilocular tubular ducts often ad-

herent; feeding on pines of subsection Pon-

derosae M. californicus Morrison

1 2a'. Tubules of bilocular tubular ducts often di-

vergent; not feeding on pines of subsection

Ponderosae 1 2b

12b. Cicatrices usually in 4 distinct bands, the

anterior about Vi width of other bands;

feeding on pines of subsection Australes .

M. alabamae Morrison

1 2b'. Cicatrices in widely varying bands; feeding

on P. banksiana of the subsection Contor-

tae M. banksianae, n. sp.

Fig. 2. Matsucoccus oocarpae, n. sp., adult female.
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Discussion

Matsucoccus alabamae, M. banksianae,

M. californicus, M. oocarpae and M. vex-

illorum form a group of species which share

the following characteristics. All 5 species

lack fleshy sensory setae on antennal seg-

ment 5, have legs and antennae well devel-

oped, possess multilocular disc pores at the

apex ofthe abdomen and possess only 1 size

of body setae. Matsucoccus alabamae and
M. californicus feed on the trunks of their

hosts (personal observations) while M. vex-

illorum feeds on twigs of its hosts (Mc-

Kenzie 1943). All feed on pines of the sec-

tion Pinus, each species feeding on pines of

a single subsection of Pinus.
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Abstract.—The following nomenclatural changes are made in the family Membracidae

(Homoptera): Aconophoroides Fowler, 1894, is reinstated as a junior synonym of Potnia

StM, 1866; Microschema StM, 1869, is considered to be a junior synonym of Potnia St^l,

1866, New Synonymy; Talipes Deitz, 1975, is considered to be a junior synonym of

Trinarea Coding, 1926 (elevated to generic status). New Synonymy. Also nine New
Combinations are given: Metcalfiella spreta (Coding, 1893), Platycotis fuscata (Fowler,

1897), Potnia dubia (Fowler, 1894), Potnia orthosoma (Fonseca and Diringshofen, 1974),

and Potnia straminicolor (St^l, 1862) (Membracinae: Hoplophorionini); Trinarea appen-

diculata (Fonseca, 1936), Trinarea carinata (Funkhouser, 1922), and Trinarea fenestrata

(Striimpel, 1 974) (Membracinae: Talipedini); and Ophiderma gloveri (Coding, 1 893) (Smi-

liinae: Smiliini). A lectotype is designated for Platycotis spreta Coding, 1893.

Key Words: Hexapoda, Insecta, generic synonymy, new combination

While revising selected genera in the

membracid tribe Hoplophorionini, we
found several species misplaced at the ge-

neric level, including three assigned to the

wrong tribe. Some of the consequent trans-

fers of species affect generic synonymy.

Based on examination of type material (ex-

cept as noted), nine new combinations are

presented here under the higher categories

to which the species are newly assigned.

Subfamily Membracinae

Tribe Hoplophorionini

Metcalfiella Coding, 1929

Metcalfiella spreta (Coding, 1893), New
Combination

' Current address: Department of Ecology and Evo-

lutionary Biology, Box U-43, University of Connect-

icut, Storrs, Connecticut 06269-3043.

A female specimen in the NMNH (Na-

tional Museum of Natural History, Wash-

ington, D.C.) is here designated lectotype of

Platycotis spreta Coding. It bears the fol-

lowing labels in which vertical lines ( | )

are used to separate individual lines:

"FWCoding
|
Collection" and "Platycotis

|

(Microschema)
|
spreta Codg.

|
Mex. (Ash)

type" [underside with "Hoplophora
|
Cdg.

|

Mex. (Ash) Type."] and "Type No.
1
27388

lU.S.N.M." [on red card] and "Platycotis
|

spreta
|
Codg. |

Det.W.D.
|
Funkhouser" [on

red-bordered card] and "LECTOTYPE
|

Platycotis
|
spreta

|
Coding, 1 893

|
L.L. Deitz

1989" [on red-bordered card supplied by

Deitz]. A second specimen (without an ab-

domen) from Coding's collection (NMNH)
is now labeled as a paralectotype. These

specimens belong to the genus Metcalfiella

Coding, 1926, based on the narrow head

and the presence of many more pale setae
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than pits on the pronotum (McKamey and

Deitz 1991).

Platycotis Sihl 1869

Platycotis fuscata (Fowler, 1897), New
Combination

The lectotype of Ochropepla fuscata

Fowler (BMNH: British Museum (Natural

History), London, England), most recently

placed in the genus Hoplophorion Kirkaldy,

1901 (Metcalf and Wade 1965), has a wide

head and contrasting pale and dark bands

across veins Sc and R on the forewing base,

but lacks an r-m crossvein on the hind wing.

This combination of features is diagnostic

for the genus Platycotis St^l, 1869 (Mc-

Kamey 1989).

PotniaSxkl 1866

Potnia StM, 1 866 [StM 1 866b, not St^l 1 866a

asHstedby Deitz (1975)]

Aconophoroides Fowler, 1894, Reinstated
Synonymy

Microschema St^l, 1869, New Synonymy
Potnia dubia (Fowler, 1894), New Combi-
nation

Potnia orthosoma (Fonseca and Diringsho-

fen, 1974), New Combination
Potnia straminicolor (StSl, 1862), New
Combination

The type species of Potnia StM is Mem-
bracis venosa Germar, 1821. Based on ex-

amination of two probable syntypes of M.
venosa, one from MLUH (Martin-Luther-

Universitat Halle, Halle, German Demo-
cratic Republic) and one from ZMUH
(Zoologisches Museum, Universitat von
Hamburg, Hamburg, Federal Republic of

Germany), in conjunction with a review of

generic limits in the tribe Hoplophorionini

(McKamey 1989), the following combina-

tion of features appears to be diagnostic for

Potnia: head narrow; pronotum extending

posteriorly nearly to apex of forewing in re-

pose; hind wing with r-m crossvein and with

cell R3 (the cell posterior to vein R, of Deitz

1975) longer than cell R5; metathoracic tibia

with cucuUate setae in row I (sensu Deitz

1975).

Prior to the work by Fonseca and Di-

ringshofen (1974), the genus Aconopho-

roides (type species: Thelia gladiator Walk-

er, 1857) was considered to be a junior

synonym o{ Potnia (Goding 1929, Metcalf

and Wade 1965). Based on examination of

the holotype of T. gladiator Walker

(BMNH), we confirm this synonymy.

Although the type material oiAconopho-

roides orthosoma Fonseca and Diringshofen

was not examined, the original description

and illustrations (1974) indicate member-

ship in the genus Potnia. Likewise, exami-

nations of the lectotype o{Ochropepla dubia

Fowler (BMNH), a species formerly placed

in Hoplophorion (Metcalf and Wade 1965),

and of the holotype of Hoplophora stra-

minicolor St^l (NHRS: Naturhistoriska

Riksmuseet, Stockholm, Sweden), the type

species o^Microschema St^l, led to the con-

clusion that these two species are also con-

geners oiPotnia venosa. Thus, we list above

three new combinations and the new generic

synonymy of Microschema, which was pre-

viously considered a subgenus oi Platycotis.

The only other species formerly included in

Microschema, Platycotis spreta, is trans-

ferred to Metcalfiella, above.

Hoplophora straminicolor was described

from Brazil. Such a distribution for Platy-

cotis would involve a geographic disjunc-

tion and a host shift, because the families

Fagaceae (including Quercus spp.) and Bet-

ulaceae, which encompass all known hosts

of Platycotis, do not occur in Brazil (Hey-

wood 1985). This information alone sug-

gested that the species was placed incor-

rectly, and also suggests that a similar

taxonomic error may be involved with the

Brazilian species Platycotis sordida (Ger-

mar, 1821), type material of which was not

examined.
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Subfamily Membracinae

Tribe Talipedini

Trinarea Coding, 1926

Trinarea Coding, 1926, elevated to generic

status. New Status
Talipes Deitz, 1975, to Trinarea Coding,

1926, New Synonymy
Trinarea appendiculata (Fonseca, 1936),

New Combination
Trinarea carinata (Funkhouser, 1922), New
Combination

Trinarea fenestrata (Strumpel, 1974), New
Combination

Trinarea was formeriy placed as a sub-

genus of Hoplophorion (Metcalf and Wade
1965). Although Metcalf and Wade (1965:

578) attributed the designation of a type

species to Coding ( 1 929), Coding ( 1 926:305)

wrote "type" before the name carinata in

his key to subgenera. Thus, Ochropepla car-

inata Funkhouser is the type of Trinarea by

original designation (International Com-
mission on Zoological Nomenclature 1985:

Articles 68b, 67c). The holotype of O. car-

inata (NMNH) and the holotype and para-

types of Tylopelta fenestrata Striimpel

(ZMUH) were examined and found to be

congeneric with Talipes appendiculata

(Fonseca, 1936), the type species of Talipes

Deitz, 1975. Members of the genus Talipes

differ from other membracids in having fo-

liaceous pro- and mesothoracic tibiae but

metathoracic legs with clavate tibiae and

reduced tarsi (Deitz 1975). Trinarea is

therefore given generic status, with Talipes

as its junior synonym, but the tribal name
TaHpedini Deitz, 1975, is retained (Inter-

national Commission on Zoological No-
menclature 1985: Article 40a).

Subfamily Smiliinae

Tribe Smiliini

Ophiderma FairmairQ, 1846

Ophiderma gloveri (Coding, 1893), New
Combination

Coding (1893) described Hoplophora
gloveri by reference to an illustration by

Clover (1878), and no specimen could be

located at either AMNH (American Mu-
seum of Natural History, New York) or

NMNH, known depositories of Coding's

type specimens. H. gloveri was placed most

recently (Metcalf and Wade 1965) as a jun-

ior synonym of Hoplophorion monogram-
ma (Cermar, 1835). Although the illustrat-

ed specimen was identified in Clover's figure

legend as ''Hoplophora n.s.," its forewing

has a preapical confluence of the radial and

medial veins, which is characteristic of the

Smiliinae and absent from Hoplophorioni-

ni. Forewing venation and pronotal color-

ation and contour, in lateral view, indicate

the specimen illustrated is best referred to

the genus Ophiderma Fairmaire (Smiliinae:

Smiliini). The precise identity of//, gloveri

is likely to remain uncertain in the absence

of the original material on which Clover's

figure was based.
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Abstract. — Chilocorus kuwanae, a coccinellid predator of euonymus scale, Unaspis eu-

onymi (Comstock) (Homoptera: Diaspididae), was introduced from Korea (1984) and

Japan (1985) into the United States. The beetle was released in 25 states in the eastern

half of the country and became established in nine states (CN, DE, MA, MD, MI, NC,

NJ, OH, PA) and the District of Columbia.

Key Words: Insecta, Coccinellidae, Chilocorus kuwanae, euonymus scale, Unaspis eu-

onymi, biological control, predator, Aprostocetus neglectus, Euonymus plants

Euonymus scale, Unaspis euonymi (Com-

stock) (Homoptera: Diaspididae), is a seri-

ous pest ofmany species ofornamental trees

and shrubs in the United States (Gill et al.

1982). In the absence of adequate controls,

this insect can attain populations severe

enough to cause complete defoliation and

death of the host plant (Johnson and Lyon

1988). Even moderate infestations impair

photosynthesis and reduce growth (Cock-

field and Potter 1987). The pest is a nui-

sance to homeowners because insect-dam-

aged shrubs are unsightly and require

pesticide treatments or removal. Some at-

tractive but scale-susceptible species or va-

rieties of Euonymus, an ornamental shrub

or tree, are no longer produced by nursery-

men since the plants require frequent chem-

ical pest control (Drea and Hendrickson

1988). A biological control method for eu-

onymus scale could reopen markets for these

Euonymus.

The Agricultural Research Service (ARS),

USDA, initiated a Small Farms Research

Project in the early 1980's for control of

scale pests, one of which was euonymus
scale. Since U. euonymi is believed to be

Oriental in origin, the assistance of the ARS
Asian Parasite Laboratory, Seoul, Republic

of Korea (ROK) was requested to obtain

natural enemies attacking the scale in Ko-

rea. Several species of parasites and pred-

ators of U. euonymi were collected by the

laboratory personnel, including the cocci-

nellid Chilocorus kuwanae (Silvestri). Spec-

imens ofthis beetle were shipped to the ARS
quarantine facilities at the Beneficial Insects

Research Laboratory, Newark, Delaware.

After clearance from quarantine, the beetle

was sent to the ARS Beneficial Insects Lab-

oratory, Beltsville, Maryland, for additional

studies, culture, and release (Drea and Carl-

son 1987).

Methods and Materials

From 1 984 to 1 986 4 1 1 adult C. kuwanae

were received from the laboratory in Korea.
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Initially these specimens were used to es-

tablish laboratory cultures. F, adults, lar-

vae, and a small number of eggs from these

cultures were released at the U.S. National

Arboretum, Washington, D.C., on Euony-
mus europaeus L. in 1984. Color photo-

graphs ofthe predators can be found in Hen-
drickson and Drea (1988).

The predator became established at the

Arboretum. By 1985 this primary release

site had become a natural insectary and
served as the main source of living material

for laboratory cultures and for subsequent

distribution of the predator to secondary

release sites in MD, DE, PA, NJ and DC.
Populations of beetles at these locations

increased rapidly. For example, in Swarth-

more, PA, a single shrub, ca. 2.5 m diam.,

provided 7135 beetles in the year following

the initial release of 84 C. kuwanae adults

on the shrub. During the period 1985 to

1989 a total of 1 6, 1 57 beetles were collected

and redistributed from the primary and sec-

ondary sites. Ultimately, beetles were re-

leased directly or sent to cooperators in 24

states (AL, AR, CN, DE, FL, GA, KS, KY,
MA, MD, MI, MO, NC, NH, NY, OH, OK,
PA, VA, RI, TN, TX, VT, WV) and DC.
In 1986, nine specimens ofC kuwanae, col-

lected by one of us (MR) in Japan, were

cultured at Beltsville and 53 specimens were

supplied to the New Jersey Department of

Agriculture, Trenton.

To determine the success of the project

by 1989, questionnaires requesting infor-

mation relating to the outcome of releases

made at various locations throughout much
of the eastern United States, were mailed to

cooperators in June and reported in this

study.

Results and Discussion

By 1987, the scale populations had been

reduced to a very low level at the Arbore-

tum, the primary release site (Drea and
Carlson 1987). By 1989 the scale insects

were almost absent from the trees and the

coccinellid was difficult to find.

All cooperators replied to the question-

naire. From their replies and personal field

observations we determined that C. kuwa-

nae was established in CN, DC, DE, MA,
MD, MI, NC, NJ, OH, and PA for one or

more years (Fig. 1). In some areas, insuffi-

cient time had elapsed since release to de-

termine winter survival.

Releases made in Texas failed to estab-

hsh. One of us (MR) obtained 231 1 adult,

larval and pupal stages ofC kuwanae from

Maryland and Delaware sites in 21 con-

signments from August 1987 to September

1989. These were released on euonymus
scale at numerous sites in Austin, Bryan,

College Station, and Dallas/Ft. Worth. Only

a few cast larval skins were found and by

July 1990 only one adult was recovered.

Release sites in Texas were ant-free and C
kuwanae adults readily fed on the abundant

scale insects. Chilocorus kuwanae adults

were observed to feed and remain alive for

10 days in branch sleeve cages following

colonization. Failure to establish may be

related to climatic conditions, especially

heat. Surveys are now being conducted to

determine overwinter survivalship and re-

production of adult C. kuwanae released in

October, 1989. The release date was select-

ed to initially circumvent high summer
temperatures and to study the potential col-

onizations of the beetle at lower tempera-

ture.

An example suggesting the importance of

heat in preventing establishment of this

predator occurred in Delaware. Five releas-

es of C. kuwanae totalling 60 individuals

were made in 1986 and 1987 on 22 small

specimens (less than 30 cm high) of a pros-

trate, variegated variety of Euonymus for-

tunei, infested with euonymus scale, grow-

ing on the grounds of the Beneficial Insects

Research Laboratory, Newark, DE. The
beetles never remained on the plants more
than 2 or 3 days and failed to establish.

These plants were individually isolated and

surrounded by bare soil. Heat rising from

the exposed soil on sunny days may have
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Fig. 1 . Distribution of Chilocorus kuwanae in eastern United States. A solid circle indicates establishment,

an open circle represents one or more releases without confirmed establishment in that state.

repelled the predators. In contrast, beetles

became established on an extensive ground-

cover planting of the same species at

Swarthmore, PA, that had no bare soil to

reflect heat.

The presence ofants may be another con-

sideration when selecting release sites for

the coccinellid. At some locations in DE,
MD, and PA, the beetles failed to establish,

or if established, failed to develop popula-

tions high enough to control the scale over

a several year period. These shrubs or trees

were always ant infested. There were nu-

merous ants tending honeydew producers

such as aphids and planthoppers. The ants

repeatedly stung larvae and pupae of C. ku-

wanae and removed stung individuals from
the shrubs. Ant species on shrubs were iden-

tified as Camponotus nearcticus Emery, C.

ferrugineus (F.), Formica pallidefuha La-

treille, Lasius alienus (Foerster) and Tapi-

noma sessile (Say) (Hymenoptera: Formic-

idae).

Larvae of C. kuwanae, collected from

study sites in Delaware and Maryland dur-

ing 1988 and 1989, were parasitized by

Aprostocetus neglectus (Domenichini) (Hy-

menoptera: Eulophidae: Tetrastichinae).

The identifier, John LaSalle, noted that this

species is known from Europe, the Middle

East and North Africa where it is a parasite

of coccinellid larvae and pupae. The para-

site was previously unknown from North

America.

No parasites have been reared from adults

of C. kuwanae originating from field sites

in the U.S. To eliminate the possibility of

further distributing A. neglectus, only adult

C. kuwanae are utilized for new field colo-

nizations.

Our best estimate of the rate of move-

ment by C kuwanae was determined from
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adults reared from pupae collected by R. D.

Gordon in Bowie, MD in August, 1989.

Specimens probably dispersed from our

closest colonization sites at either Beltsville

Agricultural Research Center, Maryland, a

distance of ca. 1 1 km in 5 years, or from

the U.S. National Arboretum, Washington,

DC, a distance of ca. 19 km in 6 years. It

appears that the rate of movement is about
2-3 km per year.

The use of cooperators for disseminating

the beetle has greatly enhanced the slow rate

ofnatural dispersal. As a result ofthis effort,

C. kuwanae has become established in nine

states and the District of Columbia during

the six year period from 1984 to 1989. We
are hopeful that additional cooperator as-

sistance and future involvement of the An-
imal and Plant Health Inspection Service,

USDA, will result in the collection and wide

dissemination of the predator throughout

the U.S.
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dom. The manuscript was reviewed by R.

D. Gordon, and D. E. Meyerdirk, Animal

and Plant Health Inspection Service, USDA,
Hyattsville, MD.
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Note

On Intraspecific Variation in the Alysiinae

(Hymenoptera: Braconidae)

There are few studies published that ex-

amine intraspecific variation of the aly-

siines. Thus, Wharton (1980), in his review

of the neartic alysiines, states: "A general

disregard for intraspecific variation has

characterized much ofthe recent taxonomic

work on the Alysiini. This has not only cre-

ated a misleading impression of diversity

and biogeographic relationships, but also

resulted in problems in identification." He
then continues with a detailed analysis of

this problem and concludes with: "The

studies on intraspecific variation suggest that

new species should not be described on the

basis of minor morphological differences

unless these are supported by biological in-

formation." It is therefore interesting to

make an in-depth study of the intraspecific

variability of the taxonomic characters of

morphological type, such as the absolute or

relative measurements of certain parts of

the body, in order to elucidate to what ex-

tent these data are of diagnostic value. The
present article addresses this question.

For this study, the Dacnusini species Dac-

nusa sibirica Telenga, 1934, was selected

because it is common in the study area and

because it is easy to breed in the laboratory.

Materials and Methods.— Measurements

were made of 195 specimens (75 <3 and 120

9) o{ Dacnusa sibirica, obtained from three

species ofAgromyzids [Chromatomyia hor-

ticola (Goureau, 1851); Liriomyza sonchi

Ryden, 1951 and Liriomyza strigata (Mei-

gen, 1830)], on four species of plants [Car-

daria draba L. (Desv.), Diplotaxis erucoides

(L.) DC; Eryngium maritimurn L. and Pa-

paver rhoeas (L.)], collected at four localities

[(Lerida: Viella (3 ITCH 1930); Teruel: Al-

cala de la Selva (30TXK9472); Valencia:

Albalat de la Ribera (30SYJ2876), Cullera

(30SYJ3738)].

The characters treated (= measurement

magnitudes; measurement characters) cor-

respond with those most commonly used—
see Griffiths (1964)— such as: width and

length ofthe head (AC, LC), length and width

of thorax (LT, AT), and length and width

of the petiole (LP, AP), which are used for

calculating the indices: AC/LC, LT/AT and

LP/AP. The simple allometric equation (y

= a.x'') was used used for the study of the

Table I.

Allometric equation: AC = a.LO (see graph 1)

Sex a b r

Males 1.312 0.533* 0.671

Females 0.269 0.761 0.652

Allometric equation: LT = a.AT'' (see graph 2)

Sex a b r

Males 0.456 0.854* 0.819

Females -1.143 1.220 0.892

Allometric equation: LP = a.AP'' (see graph 3)

Sex a b r

Males 0.377 0.819* 0.908

Females 0.058 0.907* 0.935

F

39.243

2.805

F

6.596

2.849

F

16.481

13.290

g.l.

1,73

I.IU

1,73

1,1U

g-1-

1,73

1,1H

F'

81.579 2,191

F'

26.943

F'

81.251

2,191

g.l.

2,191
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joint variation of the magnitudes consid-

ered.

The measurements were taken using a mi-

crometric eyepiece with a margin of error

of 0.0072 mm, fitted to an Olympus szh

binocular microscope.

Results.— Table 1 gives the results of the

bivariate analysis ofthe magnitudes AC, LC,

LT, AT, LP and AP, involved in the cal-

culation of the indices AC/LC, LT/AT and

LP/AP.

Allometric equations for the three pairs

of variables involved in calculating the in-

dices: AL/LC, AT/LT and LP/AP (r being

the correlation coefficient; F being the sta-

tistic (= statiscal parameter) distributed as

a Snedecor F variable, which allows one to

distinguish between allometeric (b = 1) and

isometric growth (b = 1); F' being the sta-

tistic (statiscal parameter) distributed as a

Snedecor F variable, which allows the sig-

nificant acceptance or rejection of the su-

perposition of two given regression lines (De

Renzi and Martinelli 1979).

In four ofthe equations obtained (marked

with an asterisk) the allometric coefficient

(b) is significantly higher or lower than 1 (F

> F0.025).

The hypothesis ofthe superposition ofthe

regression lines, for each sex, can be rejected

in all cases, with an optimum level of sig-

nificance, X = 0.01, F > FO.OOl (2, n + n'

-4).

Discussion. — In taxonomic studies of

members of the Braconidae, as in other

groups from the series Parasitica, ratios be-

tween measurements are frequently used as

diagnostic characters.

For some time now, the authors have ob-

served certain individual, interpopulational

and even intrapopulational variation in cer-

tain measurements and we thus think that

the joint variation of these measurements

does not allow a specific value to be given

to the respective ratios.

The results obtained confirm secondary

sexual characteristics in the relative increase

of corporal measurements, in the three cor-

n l(, = 0.7 bit. t 0.7612 In AC

L C . 1 . .U 2 1. . U . 'j 3 b 9 In At

6707i.

graph 1

AI= 0.1.565 . 0.85', 2 In LI

0.61882

ilesZ/f ei»al,

In Al = - 1 . 11,29 . 1.2197 In L I

graph 2

An= ^0.0578 . 0.9067 In LP

r. 93503
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Note

A Simple Device to Clean Insect Specimens for

Museums and Scanning Electron Microscopy

Insect specimens are often contaminated

with debris that obscures structures of in-

terest. Scales and hairs adhere to specimens

taken from malaise traps or by other col-

lecting methods that capture Lepidoptera

with other insects. Dust accumulates on in-

sects both in life and as mounted specimens

in collections. When mounting insects for

scanning electron microscopy, fragments of

dissected structures often adhere to the

specimen. Below I described a simple, in-

expensive device that uses a fine jet of air

to efficiently remove loose debris without

damaging specimens.

The device (Fig. 1) consists of a one liter

filtering flask, a one-hole rubber stopper (no.

8), latex rubber tubing (6.4 mm I.D., ca. 80

cm long), plastic tubing (6.4 mm I.D., ca.

70 cm long), glass tubing (8 mm O.D., ca.

28 cm long), a small quantity of polyester

aquarium filter fiber, and a modified dis-

posable glass Pasteur pipet (14.6 cm long).

Latex tubing facilitates manipulation of the

pipet; plastic tubing is less likely to collapse

and block air flow to the device. The poly-

ester aquarium filter fiber removes moisture

and other contaminants from the air supply.

The pipet (Fig. 2) is modified as follows:

Reduce the diameter of the hole in the tip

of the pipet to about 0.25-0.5 mm by pass-

ing it through the flame of a Bunsen or Fish-

er burner. For safety, use protective eye wear,

and before making the vent hole attach a

length of tubing to the pipet to keep your

face away from the flame. Make the vent

hole by holding one side of the shoulder of

the pipet in the flame. When the glass begins

to glow, blow through the tubing attached

to the pipet until a bubble begins to swell

from the area being heated. Continue blow-

ing until the bubble bursts, thus forming the

vent hole. Polish the edge of the vent hole

vent hole

tip

Figs. 1-3. Device for cleaning insect specimens. 1,

Complete device. 2, Modified pipet. 3, Holding the

pipet.
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by passing it through the flame. The final

diameter of the vent hole should be about

3-4 mm. Finally, bend the pipet near the

tip by passing it through the flame. A low

flame works well for modifying the tip of

the pipet; a hotter flame is best for making

the vent hole.

Assemble the device as shown in Fig. 1

and attach the plastic hose to a source of

compressed air. In many laboratories com-

pressed air is available from stopcocks built

into the benches.

Air passing through the tip of the pipet is

used to clean specimens. Use very low vol-

umes of air from the compressed air source.

The optimal volume depends on the di-

ameter of the hole in the tip of the pipet.

The air passing out of the vent hole should

be barely detectable for pipets with tips re-

duced to 0.25-0.5 mm.
Air is forced through the tip of the pipet

by covering the vent hole with your index

finger (Fig. 3). Because the hole in the tip is

much smaller than the vent hole, air pres-

sure increases in the flask when the vent hole

is covered. Simultaneously, the velocity of

the air leaving the tip of the pipet increases.

When cleaning specimens, use short bursts

of air by opening and closing the vent hole

at regular intervals, or by only partially cov-

ering the vent hole. This will prevent the

stopper from being blown out of the flask

and will also keep the velocity ofthe jet from

becoming great enough to damage speci-

mens. Loose debris is blown off" of a spec-

imen by directing the jet toward the area to

be cleaned. This can be done under a dis-

secting microscope. Debris that is glued to

a specimen by oil or other such substances

usually cannot be removed.

Because of the low volume of air used, it

is unlikely that pressure within the flask will

become great enough to break the flask.

Moreover, the stopper, if not placed in the

flask with excessive force, acts as a safety

valve. However, as an added precaution the

flask should be wrapped with nylon-rein-

forced tape.

Additionally, by reversing the direction

of air flow through the device, it can be used

to pick up and manipulate small delicate

objects. For this purpose, install the device

onto a vacuum line.

John W. Heckman, Center for Electron

Optics, Michigan State University, East

Lansing, suggested the method for making

a vent hole in the pipet. An earlier draft of

the manuscript was reviewed by Guy L.

Bush, Judith M. Sirota and Frederick W.
Stehr, Department of Entomology, Michi-

gan State University, East Lansing, and an

anonymous reviewer. Their assistance is

gratefully acknowledged.

John Jenkins, Department of Zoology,

Natural Science Building, Michigan State

University, East Lansing, Michigan 48824-

1115.
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Note

Lectotype Designation for Opostega heringella Mariani, a synonym of

Opostega spatulella Herrich-Schaffer (Lepidoptera: Opostegidae)

Because an examination ofthe type series

o{Opostega heringella Mariani was not pos-

sible until after my synoptic catalogue ofthe

family Opostegidae (Davis, 1989) had been

accepted for publication, I wish at this time

to report on the results of that study.

Mariani (1937) described Opostega her-

ingella (Fig. 1) from an unspecified number
of specimens collected during July in Zap-

pulla, Sicily. He considered the species to

be intermediate in color and maculation be-

tween O. constantiniella Costantini and O.

spatulella Herrich-Schaffer. Through the

cooperation of Marcello Amone of the Mu-
seo Civico di Terrasini, I have been able to

examine the entire series of eight male and
six female syntypes of (9. heringella and have

selected as lectotype a male bearing the fol-

lowing labels: Sicilia, Zappulla, 5.VI. 34, M.
Mariani; 358; Opogona spatulella H. S., Rbl.

& Htg. det.; photograph on file USNM; Lec-

totype <3, Opostega heringella Mar., by D.

Davis. The remaining 13 paralectotypes

were collected at the same type locality and

bear the following label data: 1 9, 20.VI.31;

1 (5, 20.VI.33, M. Mariani; 1 9, 2.VI.34, M.
Mariani; 2 3 (<3 slide USNM 30498), 3 9,

5.VI.34, M. Mariani; 4 5, 1 9, 12.VI.34. Ex-

amination of the male genitalia of one of

the paralectotypes has verified the earlier,

unpublished determination by Rebel and

Hartig as well as the recently published de-

cision by van Nieukerken (1989) that her-

ingella is a junior synonym of spatulella.

The ground color and forewing markings of

Opostega spatulella are highly variable, as

shown in two extremes previously figured

(Davis, 1989, Figs. 262 and 263). Opostega

costantiniella was also synonymized under

spatulella by van Nieukerken but, as noted

Fig. 1 . Opostega heringella Mariani, lectotype.
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by him, the unique female holotype of the

former is beheved lost (formerly in the Tu-

rati collection).

I am indebted to Marcello Amone and

the Museo Civico di Terrasini, Terrasini,

Italy for the loan of the type specimens. I

also wish to thank Erik J. van Nieukerken

of the Rijksmuseum van Natuurlijke His-

toric, Leiden, Netherlands and Giorgio

Baldizzone of Asti, Italy for assisting me in

locating the type depository of O. heringel-

la.
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Note

Pseudomcthoca simillima (Smith) (Hymcnoptera: Mutillidae), a Newly
Discovered Parasiloid oWindrcna niacra Mitchell (Hymcnoptera: Andrenidae)

Pseudomethoca simillima (Smith) are

known from Massachusetts southward to

Florida, westward to Nebraska and Texas

(Krombein. 1979. /a/ Catalog of Hymcnop-
tera in America North of Mexico. Vol. II.

pp. 1276-1314). Investigations on the bi-

ology of this species have dealt with sea-

sonal abundance of adults (Fattig. 1943.

Bull. Emory Univ. Mus. no. 1. 24 pp.;

Schmidt and Hook. 1979. Florida Entomol.

62(2): 1 52) and mating behavior (Shappirio.

1947. Bull. Brooklyn Entomol. Soc. 42: 162-

163, Sci. Monthly. 44(4): 348-350). This

note reports the first host record for P. simil-

lima.

The study areas were two Andrena macra
Mitchell nesting sites located on the United

States Marine Corps Reservation in Quan-
tico, Virginia. Andrena macra built their

nests in the soil and each female constructed

and provisioned its own brood cells. Ob-
servations were made during Spring and

Summer 1984 and 1985 at A. macra nest-

ing sites I and II.

On 26 April 1984 P. simillima females

were visible and extremely numerous on the

surface of . 1. macra nesting site I. They were

crawling over and under leaf litter. Twenty-

seven females were trapped within 1 5 min-

utes. However, A. macra males or females

were not seen and emergence holes or nest

entrances were not present on the surface

of site I. Schmidt and Hook ( 1 979) observed

an unusually large population of P. simil-

lima in Highlands Co., Florida on 20 March
1978. Males were not seen and the nests of

the potential hosts were not found (Schmidt

and Hook 1979).

Andrena macra males and females were

first observed on the surface of the nesting

sites by 10 May 1984. Pseudomethoca si-

millima females were also present on this

day, but much less numerous as compared

to their numbers seen on 26 April 1984.

Pseudomethoca simillima females were seen

at sites I and II during Spring and Summer
1985. For example, on 22 June 1985, al-

most 3 weeks after the A. macra nesting

season was over, two females were found

35 cm beneath the surface of nesting site II,

some 2-^ cm away from brood cells that

contained healthy A. macra prepupae. Oth-

er neighboring brood cells were excavated

from A. macra nests on this day and also

on 29 June 1985. Forty-seven cells were ex-

cavated and each contained a prepupa. Three

A. macra and one Nomada sp. prepupae

were paralyzed and a parasitoid egg was at-

tached to their cuticle. All prepupae were

placed, individually, inside 4-dram shell vi-

als and taken to the laboratory. Prepupae

were reared at room temperature (24-27 de-

grees Celsius).

The successfully reared parasitoids were

P. simillima, a male and a female. Both con-

sumed their A. macra host and required ap-

proximately three months to complete de-

velopment, which included two weeks to

develop to the prepupal stage, six weeks to

metamorphose from prepupal to pupal

stages, and another two weeks to metamor-

phose into mature adults. The P. simillima

male emerged from its cocoon by 17 Sep-

tember 1985. The female constructed an ill-

formed cocoon and therefore was visible

throughout its development. It was a ma-
ture adult by 22 September 1985.

Observing adult P. simillima at the nest-

ing sites, and rearing of a male and female

from A. macra nests clearly establishes a

host-parasitoid association between A.

macra and P. simillima. This association is

especially significant because it broadens the
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host taxa by including the bee family An-

drenidae.

Dr. A. Menke (USDA-ARS Systematic

Entomology Laboratory) and Dr. K. V.

Krombcin (Smithsonian Institution, Natl.

Mus. Nat. Hist. Department of Entomolo-

gy) identified the P. simillima. This research

was a portion of an M.S. thesis submitted

to the graduate faculty (Department of Zo-

ology) at Howard University. Partial sup-

port was provided by a Minority Biomed-

ical Research grant (RR-08016) awarded to

Drs. R. M. Dutficld and J. Wheeler from

the Division of Research Resources, Na-

tional Institutes of Health.

Eric W. Riddick, Department of Zoology,

Howard University, Washington, D.C.

20059. Present address: Department ofEn-

tomological Sciences, University of Califor-

nia-Berkeley, California 94720.
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Obituary

William Edwin Hoffmann
1896-1989

On September 12, 1989, William E. Hoff-

mann passed away at Lawrence, Kansas fol-

lowing heart failure. He will be remembered
for his outstanding contributions during a

long, useful, and exceedingly adventurous

career. He was professor of entomology, re-

searcher, and curator of the Natural History

Survey and Museum at Lingnan University,

Canton, China. He was an enthusiastic col-

lector of plants and animals. His speciality

was research on the biology of aquatic and
semi-aquatic Hemiptera. Because so many
species of the Scutelleridae, Pentatomidae,

and Reduviidae in South China were ofeco-

nomic importance, he conducted research

on their biology and control, and developed

extensive catalogues for each family. He also

undertook research on the biology and con-

trol of other insect species injurious to ag-

ricultural crops. He was a naturalist at heart

and collected and made observations on in-

sects, fishes, birds, reptiles, and plants.

My brother, known by his friends as Bill

Hoffmann, grew up on a homestead in Grant

County, Oklahoma. He graduated from

Caldwell, Kansas High School in 1914 and

soon after moved to Lawrence, Kansas. He
obtained an A.B. degree from the Univer-

sity of Kansas and a Master's degree from

the University of Minnesota. Bill was on

the entomology staffs of both universities

and also worked for the State Entomologists

of Kansas and Minnesota.

In June, 1924, Bill was a member of the

Minnesota Pacific Expedition. The expe-

dition, composed primarily offaculty mem-
bers of the University of Minnesota, con-

ducted research on marine life. Participants

were also delegates to the International Pan-

Pacific Food Conservation Congress and Bill

was secretary of the Fisheries Section.

Following the Congress, he joined Ling-

nan University, a private Chinese-Ameri-

can University, in Canton, Kwangtung
Province, in southern China. His first ap-

pointment was Associate Professor and

Acting Head of the Department of Biology

and, the following year, he was advanced to

Full Professor and Head. He founded the

Lingnan University Natural History Survey

and Museum in 1932 and remained in the

Department of Biology as Professor of En-

tomology. He was managing editor of the

Lingnan Science Journal for thirteen years

and founded and published the Lingnan Sci-

ence Bulletin.

Professor Hoffmann made many biolog-

ical collecting expeditions in the hinterland

ofKwangtung Province ofChina but he was

considered an authority on the island of

Hainan where he collected many new spe-

cies of animals and plants. He made a spe-

cial study of the aborigines there and lived

for a time in the house of a chief
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Bill also made biological investigations in

Taiwan and the Philippine Islands. He spent

several months in Luzon Province in the

Philippines in 1927 and again in 1940 and

1941.

During his 27 year affiliation with Ling-

nan University, Bill was granted leave twice

to undertake entomological research in Eu-

rope and England. He traveled extensively,

went around the world three times by ship,

visited about 75 countries, and represented

China at six international congresses. Bill

was involved in the Chinese-Japanese war

for five years and the experience of hun-

dreds ofbombings left an indelible mark on

him. His greatest disappointment in life was

the loss of his manuscript and artists' orig-

inal illustrations for a book on the insects

ofChina. Bill lived under the Japanese Army
ofOccupation and helped operate the Ling-

nan University refugee camp which cared

for 8000 refugees. He was in Canton on Pearl

Harbor day and was interned by the Japa-

nese. Bill was repatriated in December, 1 943

in an exchange of American and Japanese

internees.

While on leave from Lingnan University,

Bill was an Associate Curator of Insects at

the Smithsonian Institution, from 1944 to

1947. He returned to China in 1947 out of

sheer dedication to the university and with

the keen desire to preserve and to keep it

out ofthe hands ofthe communists. In 1 95 1

,

he returned to the United States and com-
pleted a research project for Lingnan Uni-

versity. He retired from Lingnan University

two years later and then became affiliated

with the University Press at the University

of Kansas For many years Bill served as a

consultant on China. He retired from the

University Press in 1962 but continued to

enjoy keeping up with world events, fishing,

and gardening until overcome by health

problems. At the request of personnel at the

University Archives, Kenneth Spencer Re-
search Library, University of Kansas, Bill

spent much time during the last two years

of his life assembling letters and documents

of historical value relating to the changing

times he and others experienced in South

China. Bill's amazing memory and ability

to tell jokes and stories both humorous and
tragic kept his family and friends spell-

bound.

Bill Hoffinann was a veteran of World
War I. He was a member of the Entomo-
logical Society of America, the Washington

Entomological Society, the Kansas Ento-

mological Society, and the First Presbyte-

rian Church of Lawrence. He was a life

member ofthe Masonic bodies ofLawrence

Lodge #6 and Scottish Rite.

His wife, Winifred, preceded him in death

on November 26, 1986, but he is survived

by myself and a sister, Goldie L. Case of

Rossville, Illinois.

Clarence H. Hoffinann, 6906 40th Ave-

nue, Hyattsville, Maryland 20782.
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Book Review

Special Biotic Relationships in the Arid

Southwest. Edited by Justin O. Schmidt.

University of New Mexico Press, Albu-

querque. 1989, 152 pp. Cloth. $22.50.

To the uninitiated, deserts are barren and

sterile. Hot, unquestionably (except cold de-

serts of polar fringes of the Northern Hemi-
sphere); bleak, perhaps; depauperate, cer-

tainly not. Any sense ofemptiness is illusory,

for dry deserts usually abound in plant and

animal life. Anyone taking time to explore

them— rather than passing through on an

interstate highway or viewing them from

the window of an airplane— will encounter

biological richness. Biodiversity is especial-

ly characteristic ofthe Sonoran Desert. Bot-

anists, zoologists, and ecologists continue to

discover fascinating adaptations and spe-

cializations related to coping with the in-

tense heat and scarcity of water. Research-

ers also must contend with complex
interactions between organisms.

Special Biotic Relationships in the Arid

Southwest resulted from a symposium on

desert animals and plants held in Tucson,

Arizona, in March 1985. As stated in the

preface, its purpose "is to present detailed

analyses of ways in which various biotic

forms have evolved and survived in the arid

Southwest." That goal has been met— and
probably exceeded.

An appropriate lead-off chapter is the in-

triguing story ofdesert drosophila, cacti, and

microorganisms. The system involves four

Drosophila species endemic to the Sonoran

Desert; columnar cacti, including the famil-

iar organ pipe and saguaro, that differ in stem

chemistry (alkaloids, lipids, triterpene gly-

cosides, etc.); yeasts living on necrotic cactus

tissue; and bacteria that apparently initiate

the rotting process on cactus stems. Yeast

abundance and distribution are largely de-

termined by chemical differences among cac-

ti, with distribution influenced by Drosoph-

ila spp. and their host specificity. The flies,

which are thought responsible for inoculat-

ing young areas of decay with yeasts, breed

either in necrotic stems of cactus or in soil

soaked by rot juice. Of the 24 possible sub-

strate-fly combinations—given five cactus

species, soaked soils, and four Drosophila

spp.— only six are normally used. Host plant

selection and utilization involve attraction

of the flies to volatiles, assimilation of ne-

crotic cactus tissues, and ability to tolerate

or detoxify antiherbivore compounds in the

hosts. Much of the chapter emphasizes cac-

tus stem chemistry as the main determinant

of host use by the drosophilids and as the

probable cause of the volatile patterns pro-

duced in rots characteristic of each cactus

species. The interactions described in this

chapter, too complex to be presented here,

form the chemical and biological basis of a

model system in evolutionary biology.

Chapter 2 details the evolutionary inter-

actions between harvester ants, Pogono-

myrmex spp., and homed lizards of the ge-

nus Phrynosoma. Despite characteristics

rendering them vulnerable to predation,

seed-harvesting ants have few predators;

they possess a powerful sting and a toxic

venom that is injected through the sting

shaft. Homed lizards, a highly derived group

of iguanids native to the westem states and

Mexico, are ant predators that often spe-

cialize on Pogonomyrmex. They have

evolved a broad, flattened shape, with large

stomach and digestive tract, necessary for a

diet of nutrient-poor, chitinous prey. Their

resistance to harvester ant venom involves

a blood factor(s) that neutralizes or detox-

ifies the mouse-lethal activity ofthe venom.

Other lizards are not resistant to Pogono-

myrmex venom, and homed lizards cannot

neutralize snake or bee venoms. As the au-

thors of this chapter point out, this is the

first example of a vertebrate known to show
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specific resistance to the venom of an ar-

thropod.

Termite ecology is discussed in the next

two chapters. Chapter 3 elucidates the role

of a subterranean termite, Gnathamitermes

tubiformans (Buckley), in breaking down or-

ganic matter on the soil surface and in ni-

trogen cycling in the northern Chihuahuan

Desert. Interactions among termites, nitro-

gen availability, and soil-water status are

shown to affect the composition and phe-

nology of the desert plant community. The

presence of termites also affects populations

of mites, collembola, and other soil microar-

thropods. Foraging ecology of subterranean

termites (of several genera) in the Sonoran

Desert (Santa Rita Experimental Range near

Tucson) is presented in chapter 4.

Chapter 5 calls attention to the abun-

dance of spiny and thorny plants (woody

and suffrutescent perennials) and venomous
animals in the Arizona Upland Sonoran

Desert. Spines and venoms are important

in protecting desert organisms against her-

bivory and predation. The relative painful-

ness of stings of solitary and social Hyme-
noptera are compared, and the physiological

and behavioral basis of the protective value

ofvenoms against large animals is analyzed.

The final chapter, in focusing on the bi-

ological effects of agricultural development,

departs from the previous chapters. Dis-

cussed is pecan monoculture along the flood

plain of the Santa Cruz River in southern

Arizona and the biological and social re-

percussions of this irrigated desert agroeco-

system. Some of the topics considered are

pesticide and water use, development of

floodwater mosquito populations in or-

chards, weed management, and burning of

tree prunings. The biotic community asso-

ciated with pecan farming is shown to be

similar to, but distinct from, that of declin-

ing native riparian habitats.

No significant problems with this edited

book were found. I noticed some minor in-

consistencies in abbreviations used in the

references, e.g.. Am. and Amer., Ent. and

Entomol., and Nat. and Natl, (for National),

and in capitalization (new world, Old
World). There are the usual typographical

errors, such as soitary (for solitary), salt-

brushes (for saltbushes), Ekol. Polksa (for

Polska), and cresotebush; in one instance

there was failure to italicize {occidentalis, p.

35) or to close parentheses (Viperidae, p.

40). There is an occasional grammatical

problem (for instance, p. 117: "The exact

causes of this pain has not been investigated

. . .") or a potentially confusing sentence (p.

35: "Unlike most lizards that are general

predators or herbivores, homed lizards spe-

cialize in ants as prey." In the last sentence,

it would have been better to say: "Unlike

most lizards, which are general predators or

herbivores, . .
." On p. 112, readers are told

twice that the number of spider species hav-

ing vertebrate-active venoms is not known.

Botanists disagree on the correct name for

creosotebush in southwestern deserts, i.e.

whether Larrea tridendata is distinct from

the South American L. divaricata. In the

book, both names are used to refer to creo-

sotebush in the desert Southwest.

These, however, are nearly all trivial

problems, ones many readers will not find

objectionable. Overall this is a well-execut-

ed book. Ecologists and evolutionary biol-

ogists studying the biota of the arid South-

west, as well as nonspecialists and
naturalists, should find it useful. Editor (and

chapter author and coauthor) Justin Schmidt

and nine other contributors capture the

uniqueness of the Chihuahuan and Sonoran

deserts. I was sorry to see the book end—
don't stop at six case histories, give us more.

But Special Biotic Relationships will stim-

ulate research on plants and animals of the

arid Southwest. Because equally fascinating

relationships remain to be elaborated, we
can look forward to a similar symposium
on Southwestern desert life and to reading

additional case histories.

A. G. Wheeler, Jr., Bureau of Plant In-

dustry, Pennsylvania Department of Agri-

culture, Harrisburg, Pennsylvania 17 110.
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THE D. R. WHITEHEAD MEMORIAL ISSUE,
Editor's Preface

Donald R. Whitehead was a respected member ofthe entomological profession

and a valued member of the Entomological Society of Washington. The Society

has chosen to remember him by publication of this memorial issue composed
of papers written by his friends and colleagues.

Traditionally such issues have been composed of articles on the group of

organisms studied by the scientist; however, Don's interests were so varied as

to defy classification, therefore this volume is composed of papers on a wide

assemblage of topics.

Many new taxa described herein are patronyms in his honor, an irony because

Don's interests lay, not in describing new species, but in utilizing taxa to create

classifications useful in developing hypotheses ofwide ranging significance. How-
ever, time constraints inherent in preparing a volume of this nature precluded

much of the cladistic analyses that contributors would normally have utilized.

Don influenced many students and colleagues in their scientific thinking and

his friendly, always available advice will be missed. The Society is honored to

dedicate this volume to his memory.
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Don Whitehead; in Mexico with snake; in USNM beetle collection; somewhere in Alberta; somewhere in

Alberta; in his office at the USNM (left to right).
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Obituary

Donald R. Whitehead

1938-1990

Donald R. Whitehead of the Systematic

Entomology Laboratory, Agricultural Re-

search Service, Beltsville, Maryland, died

on May 4, 1990. His death was a great loss

not only to the science of taxonomy but to

science in general.

Don's interests were never circumscribed

by the confines of a single taxon, rather they

were catholic, encompassing a diverse as-

semblage that included beetles, wasps, true

bugs and millipeds. He was interested in

what could be learned from the study of

groups of organisms rather than simply ar-

ranging them in a logical system. His selec-

tion of study groups reflected this; for ex-

ample, his interest in millipeds stemmed
from his perception that a study of their

distribution patterns might result in devel-

opment of a hypothesis explaining modem
distributions ofother organisms. Don's mil-

liped research did in fact result in a hy-

pothesis that he termed "mosaic distribu-

tion," published in a volume on milliped

systematics.

His interest in natural history began early;

many were his stories about early adven-

tures in the woods and swamps near his

home. This interest led him to a B.S. in

entomology from Rutgers University, fol-

lowed by a two year stint in the Medical

Corps of the United States Army. He then

entered a Ph.D. program in entomology at

the University of Alberta, completing it in

1971. Four years of working as a Research

Entomologist, Organization for Tropical

Studies, at the U.S. National Museum, led

to his final employment in the Systematic

Entomology Laboratory, USDA, at the same
institution.

He was a seeming contradiction in mood

and temperament, usually cheerful but of-

ten appearing moody or short tempered. His

mood was, except in the last couple of years

when health was a factor, occasioned by the

quality ofthe conversation or subject matter

thereof to which he was exposed. Short of

patience with trivial gossip, he would ex-

pound for hours on matters he deemed sig-

nificant. At these times, we who were his

usual companions could begin to realize the

depth and breadth of his mental capacities.

These capacities enabled him to function as

an excellent reviewer and editor of the writ-

ten word, especially when asked to partic-

ipate in manuscript review. He spent an ex-

traordinary amount oftime helping authors

of scientific papers, in the process changing

many scientific contributions from ordinary

to excellent.

Don was an excellent field person and

there were few, if any, phases of his life he

enjoyed more. From early New Jersey days

through graduate student trips to Mexico

and finally West Virginia milliped hunts, he

searched for specific groups of arthropods

to obtain distributional and host data for

his research purposes. In his last years he

was deeply involved in milliped collecting

in the Appalachian Region, concentrating

on the state of West Virginia with its great

habitat diversity. As a result, he became

deeply attached to those West Virginia hills,

spending as much time there as his health

and responsibilities would allow. Of all the

hours spent in Don's company, the best re-

membered are those spent in the field. Clear

are the memories of certain places. Villa

Nueve, New Mexico, Panamint Dunes, Cal-

ifornia, Bear Heaven, West Virginia, etc.

Times that are fully appreciated only in ret-
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rospect when there can be no more, when

one can only wish that they had not been

so brief.

No ordinary man this, intelligent beyond

his peers, thoughtful, caring, willing to lis-

ten, to help, to advise— of all those friends

who have passed before me, none will be

more sorely missed than Don.

Robert D. Gordon
Washington, D.C.
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Abstract. —Based on features ofadults and on chorological considerations, 2 new species

of Cyrtolaus {s. str.) are described from Oaxaca, Mexico: C. oaxacanus (type locality—

Sierra Zempoal, 10.4 km S. Totontepec), and C whiteheadi (type locality— Sierra Madre
de Oaxaca, 1 1.7 km E. Huautla de Jimenez). Character states and localities of specimens

not recorded previously of the Chiapan-Guatemalan C subiridescens Whitehead and Ball,

C. ricardo Whitehead and Ball, C. furculifer Bates, and C. grumufer Whitehead and Ball

confirm generally the published treatments of these taxa.
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In August, 1965, toward the beginning of

the 14-month period that Don Whitehead
and I spent in Mexico, we found in a cloud

forest in central Chiapas 2 carabid adults of

rather remarkable form (heavy-bodied, but

with strikingly long mandibles, narrow head,

and markedly vaulted elytra) that we thought

represented some aberrant species of the

platynine genus Colpodes {sensu latissimi).

Some years later, after studying many of the

types that H. W. Bates had described in

writing the carabid part ofthe Biologia Cen-

trali-Americana, we concluded that our

specimens were members of the genus Cyr-

tolaus Bates (1882: 99). We described this

species and four others as new, in a revision

oi Cyrtolaus (Whitehead and Ball 1975). In

that treatment, we combined in a single ge-

nus Ithytolus Bates and Cyrtolaus, ranking

each group as a subgenus.

Because the range of elytral features of

Cyrtolaus {sensu lato) seemed to bridge the

range of elytral features of the tribes Ptero-

stichini and Agonini (= Platynini), we con-

cluded that this genus belonged in neither

tribe in the restricted sense, that they should

be ranked as subtribes of Pterostichini, and

that Cyrtolaus should go in its own subtribe,

Cyrtolaina, which we proposed. The last de-

cision was based on both the seeming in-

termediate position of Cyrtolaus in the

Pterostichini, and its seeming relict status—

the genus seemed not to have close phylo-

genetic relatives.

Liebherr (1986) discovered that 2 Antil-

lean species, described originally as mem-
bers of Colpodes, in fact represented an un-

described genus, which he named Barylaus.

Further, Liebherr determined that Barylaus

and Cyrtolaus, though phylogenetically iso-

lated, were endemic New World represen-

tatives of the pterostichine subtribe Coe-

lostomina, a group that had been thought

to be confined to the Old World (except for

an introduced species of Coelostomus in the

Antilles). Thus, the name Cyrtolaina White-

head and Ball, 1975 is a junior synonym of

Coelostomina. Also, Liebherr argued that

the platynines should be ranked as a tribe,

and thus equivalent to the Pterostichini, and

not as a component of the latter.

I regard as elegant Liebherr's discovery
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of the subtribal relationships of Cyrtolaus

and Barylaus. However, on the basis ofcho-

rological considerations, I do not accept his

conclusion that Barylaus is more closely re-

lated to the geographically distant Afro-

tropical lineage ofCoelostomina than to the

more proximal Middle American Cyrto-

laus.

As knowledge of relationships of Cyrto-

laus was increasing, so was additional ma-

terial accumulating of the species. Below, I

report and analyze the new information thus

acquired, to seek validation ofthe structural

and chorologically diagnostic features oftaxa

previously described, and to make known
taxa not known previously.

Material and Methods

Material

This study is based on 36 adults of the

subgenus Cyrtolaus, collected in the Mexi-

can states of Oaxaca and Chiapas, and in

southwestern Guatemala. Four-letter cod-

ens used in the text to indicate sources or

depositories of study material are:

CASC Department of Entomology, Cal-

ifornia Academy of Sciences;

UASM Department ofEntomology, Uni-

versity of Alberta; and

USNM Department of Entomology,

United States National Museum
of Natural History.

Methods

Recognition.— Species were identified us-

ing the key and illustrations in Whitehead

and Ball ( 1 975), and identity was confirmed

by examination ofthe male genitalia, which

were prepared using standard techniques.

Specimens the combination of features of

which did not fit the couplets and regarded

initially as taxonomically distinct entities

were examined in detail. If such examina-

tion showed them to be distinctive in few

and varied features, the specimens were in-

cluded as members of the described species

to which each was most similar. If the more

detailed examination suggested otherwise,

the specimens were regarded as taxonomi-

cally distinct, and were ranked as species.

For specific ranking of C. oaxacanus, new
species, primacy was given to chorological

features. See below for details.

Measurements.—The following measure-

ments were made as part of the descriptions

of taxa and to compare with those reported

by Whitehead and Ball (1975: Tables 1-3).

HL = length of head from base of dorsal

condyle of left mandible to poste-

rior margin of eye;

ML = length of left mandible, from apex

to base of dorsal condyle;

PL = length of pronotum along mid-line,

from anterior to posterior margin;

EL = length of elytra, along suture, from

basal ridge to apex.

Size was expressed as Standardized Body

Length (SBL) and is the sum of HL + PL
+ EL. Two ratios were computed: ML/PL
and PL/EL.

Not reported in detail are values for the

ratio Antennomere 3: width/length. Values

are between 0.26 and 0.32, thus well within

the range reported previously (0.26-0.38)

for Cyrtolaus {s. str.), excluding C. lobipen-

nis. These relatively low values indicate the

relatively elongate antennae that are char-

acteristic ofthe most derived lineage of Cyr-

tolaus.

Chorology.— Localities reported are in the

following mountain ranges: Sierra Madre de

Oaxaca and Sierra Zempoal, in the Mexican

state of Oaxaca (see outline map of the re-

gion in Ball and Roughley [1982: 364, Fig.

63]); and Mesa Central, in central and

northwestern Chiapas, and Sierra Madre de

Chiapas, in southeastern Chiapas and

southwestern Guatemala (see outline map
of region in Whitehead and Ball [1975: 606,

Figs. 22, 23]).

Key to Species of Cyrtolaus Bates,

Based on Characteristics of Adults

This key is modified from the one pre-

sented by Whitehead and Ball (1975: 598),

and includes all known species oi Cyrtolaus.
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01. Pronolum with anterior marginal bead

complete; postero-lateral setae near pos-

terior angles. Elytron with plica clearly

developed, epipleuron interrupted

("crossed"); interneurs impunctate. Ab-

dominal sternum VII with 2 setae in male,

4 in female Subgenus Ithytolus Bates

C. orizahae Bates

or. Pronotum without anterior marginal

bead; postero-lateral setae distinctly an-

terad posterior angles (Figs. 2-4). Elytron

with epipleuron interrupted or not; in-

terneurs more or less punctate (Figs. 5A-
7A). Abdominal sternum VII with 4 setae

in male, 6 to 8 setae in female

Subgenus Cyrtolaus 02

02(01'). Elytron with epipleuron interrupted by

plica. Labrum with 4 marginal setae . .

C. lohipennis Bates

02'. Elylral epipleuron not interrupted. La-

brum with 6 marginal setae 03

03(02'). Elytron with microsculpture of trans-

verse lines, surface faintly iridescent; in-

terneurs grossly punctate; intervals cari-

nate; apex spined or not, spines shorter

or longer (Figs. 6A, B)

C. subiridescens Whd. & Ball, p. 237.

03'. Elytron with microsculpture mesh pat

tern isodiametric; apex spined 04

04(03'). Head with 2 (single pair) or 3 supraorbital

setigerous punctures 05

04'. Head with 4 (2 pairs) supraorbital setig-

erous punctures 07

05(04). Elytron with interval 2 apically more or

less flat, not distinctly swollen (Figs. 5A,

B). Geographical range— Huautia Pla-

teau, Oaxaca

C. whitehcadi, new species, p. 236.

05'. Elytron with interval 2 swollen apically.

Geographical range— Mesa Central and

Sierra Madre de Chiapas, Chiapas, and

Guatemala 06

06(05'). Elytron with interval 3 markedly raised

apically. Disc of pronotum with micro-

sculpture normal, surface without seri-

ceous luster. Geographical range— Sierra

Madre de Chiapas, Chiapas and Guate-

mala C. furculifer Bates, p. 238.

06'. Elytron with interval 3 not raised api-

cally. Disc of pronolum with microlines

dense, surface with sericeous luster. Geo-

graphical range— western part of Mesa
Central, Chiapas

C. grumufer Whd. & Ball, p. 238.

07(04'). Elytron with interneurs grossly punctate.

Pronotum with hind angles rounded, lo-

bate, lateral margins broadly rounded, not

sinuate; anterior angles produced. Geo-

graphical range— central Guatemala . .

,

C. spinicauda Bales

07'. Elytron with interneurs hardly punctate

to distinctly so. Pronotum with hmd an-

gles various; lateral margins less round-

ed, or sinuate posteriorly (Figs. 2, 4); an-

terior angles not produced 08

08(07'). Geographical range— Sierra Madre de

Chiapas, southeastern Chiapas and

southwestern Guatemala. Elytron with

apical declivity gradual (Fig. 7B), apical

spine longer or shorter (Fig. 7 \)

C. ricardo Whd. & Ball, p. 238.

08'. Geographical range— Mesa Jentral of

Chiapas, or mountains of Oaxaca. Ely-

tron with apical declivity various; apical

spine short (Fig. 5A) 09

09(08'). Pronotum with posterior angles rectan-

gular. Elytron with interneurs distinctly

punctate on disc; slope ofelytral declivity

more abrupt. Geographical range— Mesa

Central, Chiapas

C. hrevispina Whd. & Ball

09'. Pronotum with posterior angles acute.

Elytron with interneurs very obscurely

punctate on disc; apical declivity sloped

gradually (Fig. 5B) 10

1 0(09'). Larger (SBL more than 1 1 .0 mm); prono-

tum relatively shorter (ML/PL 0.66-0.74).

Male with apex of median lobe pointed

(Fig. I A). Geographical range— Sierra

Zempoal (vicinity of Volcan Zempoal-

tepetl, Oaxaca)

C. oaxacanus, new species, p. 232.

10'. Smaller (SBL less than 10.0 mm); prono-

tum relatively longer (ML/PL 0.60).

Geographical range— Sierra Madre de

Oaxaca (near Valle Nacional, Oaxaca) .

C. newioni Whd. & Ball

New Taxa, New Locality Records, and
Variation in Diagnostic Features

Cyrtolaus oaxacanus, New Species

(Figs. lA-C)

Type material.—HOLOTYPE male and

ALLOTYPE female, each labelled: MEX.
OAXACA 10.4 km./ s. Tolontepec cloud/

forest: tree ferns/ in litter 2480 m./ June 1 7,

1979 79-38; MEXICAN EXP. 1979/ J. S.

Ashe, G. E. Ball/ and D. Shpeley/ Collec-
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Fig. 1. Male genitalia of Cyrtolaus oaxacanus. new species: A, median lobe, apical portion, dorsal aspect; B

and C, median lobe, with internal sac everted— B, left lateral aspect; C, right lateral aspect. Scale bar = 1 .0 mm.
Legend (for features of internal sac): 1, 2, and 3, spinose sclerites 1, 2. and 3, respectively; C-scl, C-sclerite; V.I.,

ventral lobe.

tors. The holotype is in USNM, and allo-

type in UASM.
Type locality.— Mexico, Oaxaca, Sierra

Zempoal, 10.4 km S. Totontepec.

Derivation of specific epithet.—The Lat-

inized adjectival form of "Oaxaca," the

name of the Mexican state that includes the

type locality of this species.

Recognition.—The type specimens re-

semble closely the holotype of C newtoni

Whitehead and Ball. However, they are

larger (Table 1 ), and the pronotum is rela-

tively shorter, as reflected by higher values

for the ratio ML/PL (Table 2). These 2 taxa

occur in different but adjacent mountain
ranges (C oaxacanus in the Sierra Zempoal,

at 2400 m; C. newtoni in the Sierra Madre
de Oaxaca, at 1 700 m).

The 2 pairs of supraorbital setae distin-

guish adults of C. oaxacanus from C. white-

headi, the third species o^ Cyrtolaus known
from Oaxaca, the adults of which have only

a single pair of such setae.

The virtually impunctate elytral inter-

neurs, angulate elytral apices and isodia-

metric mesh pattern ofthe elytra distinguish

adults of C. oaxacanus from those in the

mountains of Chiapas and Guatemala.

Males are distinguished by details of the

genitalia (Figs. 1 A-C): apex of median lobe

acute (Fig. lA); internal sac with sclerite 1

hardly evident (Fig. IB), and spinose scler-

ites 2 and 3 small, and widely separated

from one another (Figs. IB, C).

Description.— Adults with character states

of subgenus Cyrtolaus, and following. Data
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Figs. 2-7. Pronota and left elytra of species of Cyrtolaus. 2-4, Pronotum, dorsal aspect of: 2, C. whiteheadi,

new species; 3, C. subtridescens Whitehead and Ball; 4, C. ricardo Whitehead and Ball. 5-7, Left elytron. A,

dorsal aspect, B. outline of left lateral aspect, respectively, of: 5, C. whiteheadi, new species; 6, C subiridescens

Whitehead and Ball; and 7, C. ricardo Whitehead and Ball.



VOLUME 93, NUMBER 2 235

Table 1. Data about variation in Standardized Body Length (SBL—mm) among samples of the species of

Cyrtolaus {s. str.).
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Table 3. Data about variation in values for the ratio PL/EL among sample of the species of Cyrtolaus {s.

str.).
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1975; MEX. EXP. 1975/ G.E. Ball &./ H.E.

Frania/ collectors. Holotype in USNM and

paratype in UASM.
Type locality.— Mexico, Oaxaca, Sierra

Madre de Oaxaca, 1 1.7 km E. Huautla de

Jiminez.

Derivation of specific epithet.— Latinized

genitive form of the surname of the late

Donald R. Whitehead, in whose honor and

memory this species is named.

Recognition.— Adults ofthis species have

a single pair of supraorbital setae, a feature

distinguishing them from all other species

of Cyrtolaus, except C. furculifer Bates and

C grumufer Whitehead and Ball. Adults of

the latter 2 species have the apical portions

of one or more elytral intervals elevated {cf.

Whitehead and Ball 1975: 600, Figs. 12,

1 3A, B), whereas in C whitehead!, the api-

cal portion of interval 2 is not more convex

than is the basal portion ofthis interval (Figs.

5A, B).

Description.—With features of subgenus

Cyrtolaus and following. See Tables 1-3 for

data about variation in Standardized Body
Length and in values for ratios ML/PL and

PL/EL.

Head, antennae and mouthparts average

for subgenus Cyrtolaus.

Pronotum. Form as in Fig. 2, anterior

angles obtuse, narrow, protruded slightly;

posterior angles subspinose, protruded pos-

teriorly; lateral areas elevated, more broadly

so posteriorly; lateral margins slightly sin-

uate posteriorly.

Elytra. In form, as in Figs. 5A, B, vaulted.

Humerus narrowly rounded; lateral margin

sinuate preapically, apex with short spine

about opposite termination of interval 2.

Intervals slightly convex; intemeurs finely

and sparsely punctate on disc, punctures

larger on apical declivity.

Legs. Average for subgenus Cyrtolaus.

Habitat.—The type material was found
in damp leaf Htter on a gentle slope in cloud

forest.

Geographical distribution.—Known from
the type locality only.

Chorological affinities.—The locality for

this species is the northernmost for the sub-

genus Cyrtolaus. It is 80 km west of the

locality of the next nearest species (C. new-

toni) and is on the western rim of the Rio

Grande basin, which is probably one of the

major barriers for montane taxa in eastern

Mexico.

Phylogenetic relationships.— Evidently,

this species is related to C newtoni and C
oaxacanus, based on the derived form of

the posterior angles of the pronotum, and

on geographical proximity but disjunct dis-

tribution of the three species.

Cyrtolaus subiridescens Whitehead and Ball

(Figs. 3, 6A, B)

Material examined.— Sixteen specimens,

as follows. All localities are in Mexico, in

the state of Chiapas, on the Mesa Central.

Municipio Mitontik, 1 1 km N. Tzonte-

huitz, on road to Pueblo Viejo, 1981 m,

X.22.1976 (7 males, 3 females-CASC).
Municipio Tenejapa, Tenejapa Center, 2042

m, III. 15. 1975 (male-CASC). Municipio

Las Margaritas, 48 km NE Las Margaritas

on road to Campo Alegre, 2134 m,
X.25.1976 (2 males, 2 females-CASC).
Municipio Las Rosas, Villa Las Rosas, 1371

m, X.30.1976 (female-CASC).
Taxonomic notes.— In body size (SBL)

and in proportions (ML/PL and PL/EL) all

of the specimens are within the ranges re-

ported previously (Tables 1-3; cf. White-

head and Ball 1975: Tables 1-3). The ma-
terial from Mitontik and Tenejapa is typical

in all respects, as determined by comparison

with paratypes of C. subiridescens.

The specimens collected at Las Margar-

itas and Villa Las Rosas, however, are dis-

tinctive in having fairly long apical elytral

spines (Figs. 6A, B). In pronotal form (Fig.

3) and in details of the male genitalia, these

specimens are typical of C. subiridescens.

The difference in elytral spination, in the

genus as a whole, is important phylogenet-

ically, and one might be tempted on this

basis to propose taxonomic recognition, at
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the subspecies level. The localities, how-
ever, are within the known geographical

range of C subiridescens (Whitehead and
Ball 1975: Fig. 23). Under this circum-

stance, I doubt that the difference in elytral

spination is indicative ofanything more than

minor intraspecific geographical variation.

Cyrtolaus ricardo Whitehead and Ball

(Figs. 4, 7A, B)

Material examined.— Eleven specimens,

as follows. The localities are in the Sierra

Madre de Chiapas, on the Pacific versant of

Middle America. MEXICO, Chiapas. Vol-

can Tacana, NE slope, 1 830 m, XII. 20. 1976

(seven males, female—UASM). GUATE-
MALA. San Marcos Sivinal, cloud forest,

2621 m, XII.31.1976 (male, 2 females-

UASM).
Taxonomic notes.— Tables 1-3 provide

data about variation in Standardized Body
Length and in values for the ratios ML/PL
and PL/EL. The specimens collected on Ta-

cana are indistinguishable from the type se-

ries, which was collected in the same general

area. The specimens collected at San Mar-

cos Sivinal, on the slopes of Volcan Taju-

mulco, adjacent to and within a few hours

walk from Tacana, are similar to the Tacana

material in pronotal form (Fig. 4), and in

details of the male genitalia (2 males dis-

sected). In proportions, the 2 groups differ

slightly in values for the ratio ML/PL (Table

2). Also, the apical spines of the elytra of

the San Marcos specimens are shorter (Figs.

7A, B).

Elevation.—The new material collected

on Volcan Tacana extends the known alti-

tudinal range of C. ricardo downward by ca.

900 m. However, this species and C fur-

culifer, the only other species of Cyrtolaus

inhabiting the slopes ofthis volcano, remain

allopatric, though it seems likely that their

ranges are (or were) in contact, at least mar-

ginally.

Conclusion.—The new material is within

the general geographical range that we
ascribed to C. ricardo (Whitehead and Ball

1975: 610). The range of morphological

variation is extended slightly, but not tax-

onomically significantly so.

Cyrtolaus furculifer Bates

Material examined.— Five specimens, as

follows. All were collected on the north-

eastern slopes of the Volcan Tacana, in

southeastern Chiapas, Mexico. Union Juar-

ez, Barranca Providencia, montane tropical

forest, in leaf litter, 1500 m, XII. 15. 1975

(male and female, UASM). Union Juarez,

Finca Muxbal, ex pile ofmouldy wood, 1 430

m, XII.26.1975 (2 females-UASM). Rio

Muxbal, 1463 m, XII.2 1.1976 (female,

UASM). Union Juarez, agricultural land,

1720 m, Xn.14-26.1975 (set of elytra

-

UASM).
Taxonomic notes.—The specimens noted

above, most ofthem collected in or near the

Barranca Providencia, from where White-

head and Ball (1975: 611) reported this

species, are typical members of C. furculifer,

as shown by Standardized Body Length and

proportions (Tables 1-3). The individual

collected at 1 720 m extends the known ver-

tical range of this species upward by ca. 200

m, but still beneath the known altitudinal

range of C. ricardo (see comments for that

species, above).

Cyrtolaus grumufer Whitehead and Ball

Material examined.— One female, from

Chiapas, Mexico, in the Mesa Central: Cer-

ro Baul, NW slope, west of Rizo de Oro,

1768 m, X.2.1979(CASC).

Taxonomic notes. — This specimen is

within the morphological range of the type

material (Whitehead and Ball 1975: 612) as

shown by Standardized Body Length and

body proportions (Tables 1-3). It is also

within the reported vertical range (1524-

1829 m), and from northwestern Chiapas.

However, Cerro Baul is about 1 60 km from

the only area reported previously for C. gru-

mufer. This is a marked but not surprising

range extension for this species.
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Notes about Phylogenetic Aspects

A reconstructed phylogeny of the species

of Cyrtolaus was offered by Whitehead and

Ball (1975: 615, Fig. 25). The new data sug-

gest that the Oaxacan species (C oaxacan-

us, C. newtoni, and C. whiteheadi) form a

clade apart from a Chiapan-Guatemalan

complex (C brevispina, C. ricardo, C. spini-

cauda, C. furculifer, and C grumufer).

The longer apical elytral spines reported

for 2 samples of C subiridescens render

equivocal the position of this taxon. Ifthese

spines were developed independently of the

Chiapan-Guatemalan complex noted above,

C. subiridescens could continue to occupy a

relatively basal position, as postulated pre-

viously by Whitehead and Ball (1975). If,

however, the longer spines are indicative of

relationship (and their absence from most

specimens of C subiridescens a loss), then

this species could be placed with the Chia-

pan-Guatemalan complex. I favor the latter

alternative on chorological grounds. This

resolution postulates a monophyletic Oaxa-

can assemblage and a monophyletic Chia-

pan-Guatemalan assemblage, separated

from one another by the Isthmus of Te-

huantepec.

In part, such a hypothesis depends upon
the relationships of the Oaxacan species of

Cyrtolaus. Until males are known for C.

newtoni and C. whiteheadi, their relation-

ships to one another and to C. oaxacanus
will remain equivocal. Consequently, it

seems premature to pursue this topic further

at this time.
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THE "MISSING" FEMALES OF ALBERTISIUS GESTROI (PASCOE)
(COLEOPTERA: CURCULIONIDAE), AN ENIGMA OF NATURAL

HISTORY, WITH A NOTE ON DR H. JAMES

Richard T. Thompson
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Abstract.—The hitherto unknown female oiAlbertisius gestroi (Pascoe) (Curculionidae:

Entiminae, Celeuthetini) is described and figured and its genitalia compared with those

of^. excellens (Faust). A.ttempts to account for the apparent dearth of females in A. gestroi

are followed by a note on Dr. H. James, an American who collected one of the specimens

described.

Key Words: Curculionidae, sex ratio, genitalia, New Guinea, explorers

The New Guinea weevil genus Albertisius

contains two species, A. gestroi (Pascoe)

known only from Yule L and A. excellens

(Faust) which occurs around Port Moresby.

When Albertisius was described (Thompson
1977: 253) both sexes of A. excellens were

known (from at least 12 males and 9 fe-

males) whereas A. gestroi was known only

from 26 males, nearly all collected by the

Italian explorer L. M. D'Albertis. Later, a

single female was found among undeter-

mined material in the Natural History Mu-
seum and a check of the Genoa Museum's
27 D'Albertis specimens by the curator. Dr.

Poggi, revealed two more. The sex ratio for

the available specimens is thus 51:3 or 17:1

in favour of males. The newly discovered

female of ^. gestroi is described below.

Albertisius gestroi (Pascoe), female

Apirocalus gestroi Pascoe 1885: 209: pi. 1,

Fig. 3.

Heteroglymma gestroi (Pascoe); Marshall

1938: 96.

Apirocalus gestroi Pascoe; Marshall 1956:

17.

Albertisius gestroi (Pascoe); Thompson 1977:

253.

Differs from male (Fig. 1) as follows: el-

ytra with dorso-lateral carinae reduced but

sides strongly angulate two-thirds of length

from base (Fig. 2); covered with stiff erect

brown setae. Legs with all femora less swol-

len; hind tibiae less swollen but with similar

dense brush of semi-recumbent setae on in-

ner aspect.

Female genitalia (Fig. 6) similar to those

of A. excellens (Thompson 1977: fig. 23).

Spermatheca (Fig. 5) clearly of same very

distinctive type as that ofA. excellens (Figs.

7, 8) but gland-lobe free (not fused laterally

with body) and duct-lobe much shorter.

Material examined.— 1 9, with 'N. Guin-

ea/ Isola Yule/ T.F. V.1875/ L. M. D'Al-

bertis' (mostly printed) (Genoa Museum);
1 9, with 'New/ Guinea/ [B.M. 18]76.32'

(handwritten, with orange line)(Natural

History Museum, London). The register en-
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Figs. 1-4. Albertisius species. 1, A. gestroi (Pascoe), male. 2, idem, female. 3, A. excellens (Faust), male. 4,

idem, female. Scale-line = 2.0 mm.

try for this specimen reads: "Purchased of Rtrndivks.—Albertisius gestroi is a fairly

Mr Higgins 20/10/76. Collected by Dr typical celeuthetine weevil, apterous and

James." showing moderate sexual dimorphism

The second Genoa specimen was not ex- (mainly affecting the shape of the elytra),

amined. The most likely explanation for a predom-
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Figs. 5-8. Albertisius species, genitalia. 5, A. gestroi (Pascoe), spermatheca. 6, idem, female genitalia. 7 and

A. excellens (Faust), spermathecae. Scale-lines = 0.2 mm (Figs. 5, 7 and 8) and 2.0 mm (Fig. 6).

inance of males would be asynchronous

emergence of the sexes but D'Albertis was
on the island from March to October and
moreover collected some 250 specimens of

a related species {Apirocalus cornutus Pas-

coe) in April, May and June while his A.

gestroi specimens were all taken in May.
From his journal (D'Albertis 1880) it is

known that his movements, even within the

island, were restricted so it is possible that

the specimens were collected by one of the

natives (that he records having employed to

collect for him) from a site to which he him-
self did not have access. It is worth noting

that James's specimen must have been taken

between October and January, the wet sea-

son, a time of year which D'Albertis did not

spend on the island.

The few other records of A. gestroi

(Thompson 1 977: 256) are undated but none

is recent. As Yule I. is only about five miles

long and much visited, it may well be that

the species is extinct and the mystery of its

anomalous sex ratio will never be solved.

Historical Note

Little is known of Dr. H. James who col-

lected the Natural History Museum female

of /I. gestroi (Fig. 2). He was a young Amer-
ican recruited by William Macleay as sur-

geon on the barque Chevert which was used

by Macleay for his New Guinea expedition

of 1875. He was described as ''of pleasant

manners" (D'Albertis 1880, 1: 363) and". .

.

had been instructed in the art of bird skin-

ning and was a first-rate shot" (Goode 1977:

106). He first met D'Albertis on Yule I. on

30 August 1875 when the expedition stopped
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there on its way to the New Guinea main-

land and again in late October on his way

back to Port Moresby on the missionary

supply steamer Ellengowan. He returned to

Yule I. with a botanical collector named
Knight on 6 November "to set up a house

and make collections" (D'Albertis 1880, 1:

387). On the same visit the Ellengowan took

D'Albertis off, so James and Knight were

the only Europeans on the island. After three

months both were so ill they returned to

Somerset (Cape York) on the Ellengowan.

James returned to Yule I. yet again on 23

August 1 876 with a Swedish trading partner

but both were unexpectedly murdered by

natives upon their arrival.

Some of the beetles James collected (in-

cluding the A. gestwi female) were sent to

E. T. Higgins, a collector and dealer, who
sold them to the Natural History Museum
on 20 October 1876 by which time James

was dead. A cetoniine beetle, Ischiopsopha

jamesii (Waterhouse), from the same lot of

specimens, was named after him "in accor-

dance with a wish expressed by Mr Higgins"

(Waterhouse 1876: 473).

Acknowledgments

I am most grateful to Dr. R. B. Madge
(International Institute of Entomology) for

finding the book by Goode, with its account

of Dr. James and to Dr. R. Poggi of the

Museo Civico di Storia Naturale "Giacomo
Doria," Genoa, Italy for his help with ma-
terial and information.

Figs. 1, 7 and 8 are reproduced from

Thompson (1977) by permission of the

Trustees of the Natural History Museum;
Figs. 1-4 were prepared by the Natural His-

tory Museum Photographic Unit.

Literature Cited

D'Albertis, L. M. 1880. New Guinea: What I Did

and What I Saw. 2 vols. Sampson Low, Marston,

Searle and Rivington, London, x + 424 and x +
406 pp.

Goode, J. 1977. Rape of the Fly. Thomas Nelson

(Australia) Limited, Melbourne, xi + 272 pp.

Marshall, Sir Guy A. K. 1938. On Elytrurus (Col.

Curcul.) and an allied new genus. Transactions of

the Royal Entomological Society of London 87:

69-101.

. 1956. The Otiorrhynchine Curculionidae of

the Tribe Celeuthetini (Col.). British Museum,

London. 134 pp.

Pascoe, F. P. 1885. List of the Curculionidae of the

Malay Archipelago collected by Dr Odoardo Bec-

cari, L. M. D'Albertis, and others. Annali del Mu-
seo Civico di Storia Naturale di Genova (2)2: 20 1-

331.

Thompson, R. T. 1 977. A revision of the New Guin-

ea weevil genus Apirocalus Pascoe (Coleoptera:

Curculionidae). Bulletin of the British Museum
(Natural History) (Entomology) 36: 193-280.

Waterhouse, C. O. 1876. Descriptions of two new

species of Cetoniidae. Annals and Magazine of

Natural History (4)18: 422^23.



PROC. ENTOMOL. SOC. WASH.
93(2), 1991, pp. 244-247

A FOURTH GENUS OF SMALL-BODIED XYSTODESMID MILLIPEDS
FROM THE SOUTHEASTERN COASTAL PLAIN (POLYDESMIDA)
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Abstract. —The minute xystodesmid milliped, Lourdesia minuscula, n. gen., n. sp., is

described from the Coastal Plain of southern Alabama. The principal diagnostic features

are ridges on the sides of the metazonites near the pleural/stemal junctures, the absence

of a cyphopod receptacle in females, and a minute, simple gonopod telopodite that lacks

a prefemoral process. Since the milliped also lacks sternal hairs and lobes, and the sternal

remnant between the gonopodal coxae, it cannot be assigned to the Rhysodesmini, and

its tribal position is uncertain.

Key Words: Lourdesia, Rhysodesmini, Xystodesmidae

The Coastal Plain of the southeastern

United States harbors a diverse xystodes-

mid diplopod fauna, among which are three

endemic small-bodied genera tentatively

assigned to the Rhysodesmini— C(afra//>2^(3,

Parvulodesmus, and Gonoessa—W\\h four,

one, and five species, respectively (Hoffman

1978, Shelley 1979, 1983a, b, 1984). These

millipeds are substantially smaller than

sympatric forms of Sigmoria, Dicellarius,

and Pachydesmus, which range from two to

seven times as large, and hence are a dis-

tinctive component of the regional fauna.

Caralinda, with moderately long, complex

gonopods, occurs in the contiguous sections

of Alabama, Georgia, and Florida. Parvu-

lodesmus and Gonoessa have extremely long

gonopods, overlapping three segments an-

terior to the 7th, and may represent a single

genus. The former is known only from Ab-
beville County, South Carolina, and the lat-

ter occurs broadly across southern Ala-

bama. While recently sorting specimens

loaned by the Florida State Collection of

Arthropods, Gainesville (FSCA), I discov-

ered three samples ofa minute, undescribed

xystodesmid with very small gonopods that

clearly requires a new genus and possibly

also a new tribe. It lacks such traditional

rhysodesmine features as sternal hairs and

a sternal remnant between the gonopods,

but the species also does not fit in the en-

demic east Nearctic tribes (Apheloriini,

Nannariini, and Pachydesmini). It attests to

a substantial fauna of small-bodied xysto-

desmids in the southeast, and one or more
new tribes may be warranted when more
material is available and the diversity of

these forms is better known. These small

millipeds are prevalent in cool weather. Most
have been taken from November-March,
and they are poorly represented in collec-

tions because little field activity tradition-

ally occurs during this time of year. Con-

sequently, anyone conducting winter field

trips to the southeast, particularly in the

Florida panhandle and southern Alabama
and Georgia, may find his efforts rewarded

with the unveiling ofa largely unknown dip-

lopod fauna. Two other small xystodes-

mids, definite members of the Rhysodes-

mini, inhabit this region— Pleuroloma

pinicola Shelley, in southeastern North Car-

olina and coastal South Carolina, and P.
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cala (Chamberlin), in peninsular Florida.

However, their congeners—/*, flavipes Ra-

finesque, occurring across the northern, cen-

tral, and midwestem states, and P. plana

Shelley, ranging from the Florida panhandle

to central South Carolina— are considerably

larger, so small size is not a feature of this

genus (Shelley 1980).

Lourdesia, New Genus

Type species.— Lowr^/^^/^a! minuscula, new
species.

Description.—A genus of small-bodied

rhysodesmine xystodesmids with the fol-

lowing characteristics:

Body composed of head and 20 segments

in both sexes; adults ranging from 12-16

mm long and 2-3 mm wide, W/L ratio from

17-18%. Head of normal appearance,

smooth; epicranial suture faint, not bifid;

facial setae reduced, epicranial, interanten-

nal, and frontal absent. Antennae relatively

short, with 4 small apical sensory cones, no

other sensory structures apparent.

Terga smooth, polished; strictures dis-

tinct, impressed. CoUum broad. Paranota

strongly depressed; peritremata distinct,

ozopores opening laterad. Sides of meta-

zonites with variably elevated ridges just

below coxae at pleural/stemal junctures.

All sterna of males and females glabrous

and essentially flat and plate-like, at most

with only very slight indentations, without

lobes or spiniform projections from caudal

margins. Gonapophyses moderately long,

apically expanded. Coxae and prefemora

without tubercles or spines.

Gonopodal aperture relatively small,

ovoid. Gonopods with very short telopo-

dites, lying nearly entirely over aperture,

only slightly overhanging anterior margin.

Coxae large, without apophyses, with clus-

ters of 6-8 setae lateral to cannula, con-

nected by membrane only, no detectable

sclerotized sternal remnant; apodemes rel-

atively long and narrow. Prefemur short,

without prefemoral process. Acropodite not

divided, not demarcated from prefemur.

short and blade-like, curving bisinuately and
bent mediad near midlength, tapering

throughout length, without lobes or projec-

tions.

Cyphopodal aperture narrow, encircling

2nd legs. Cyphopods relatively large. Re-

ceptacle absent. Valves large, subequal.

Operculum large, located laterad to valves.

Species.— One is known; others probably

await discovery in southern Alabama and

the Rorida panhandle.

Remarks.—Though it shares the absence

of the cyphopodal receptacle with Cherokia

(Hoffman 1960) and that of a gonopodal

prefemoral process with three species of

Gonoessa (Shelley 1984), Lourdesia cannot

be assigned to the Rhysodesmini as cur-

rently understood because of the absence of

a sternal remnant between the gonopods,

sternal hairs, particularly on postgonopodal

sterna of males, and lobes or projections

from the caudal sternal margins. With short,

simple gonopodal telopodites that are un-

divided and lack flanges, lobes, and lamel-

lae, Lourdesia also does not seem closely

related to either Caralinda or Gonoessa. It

shares small size, glabrous sterna, and lat-

eral metazonal ridges with Gyalostethus, a

primarily montane genus that ranges east-

ward onto the Piedmont Plateau and west-

ward onto the Ridge and Valley, Appala-

chian Plateaus, and Interior Low Plateaus

physiographic provinces. Hoffman (1965)

assigned Gyalostethus to the Rhysodesmini

because of its acicular prefemoral process

and the right angle between the coxa and

telopodite; however it also apparently lacks

the sternal remnant between the coxae. The
small-bodied southeastern xystodesmids

thus present major difficulties in tribal

placement. They are even anomalous in the

Rhysodesmini, the only established tribe

that can accommodate them, and the enig-

matic status o{ Lourdesia is underscored by

the absence of ventrodistal spines on the

ambulatory prefemora. In this regard, it re-

sembles western Nearctic genera ofthe tribe

Chonaphini.



246 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

Lourdesia minuscula Shelley,

New Species

Figs. 1-4

Type specimens.— Male holotype and 1

male, 5 female, and 3 juvenile paratypes

(FSCA) collected by N. B. Causey, 26 Jan-

uary 1965, along U.S. highway 84, 5.5 mi.

E Elba, Coffee Co., AL.

Diagnosis.—With the characters of the

genus.

Color in life.—Unknown. All specimens

completely blanched in preservative, with-

out trace of pigmentation pattern.

Holotype.— Length approximately 12.2

mm, maximum width 2.1 mm, W/L ratio

17.2%, depth/width ratio 90.0%.

Head capsule smooth, polished; epicra-

nial suture faint, terminating in interanten-

nal region. Antennae reaching back to just

beyond caudal margin of 2nd tergite, be-

coming progressively more hirsute distally;

first antennomere subglobose, 2-6 clavate,

7 short and truncate, relative lengths of an-

tennomeres 6>5>4>2>3>1>7. Genae
not margined laterally, with faint medial

impressions, ends broadly rounded and
projecting slightly beyond adjacent cranial

margins. Facial setae as follows: epicranial,

interantennal, and frontal absent, genal 2-2,

clypeal about 9-9, labral about 14-14.

Collum broad, ends extending slightly be-

yond those of following tergite. Paranota

angled sharply ventrad and continuing slope

of dorsum; anterior comers rounded, cau-

dolateral comers blunt on all segments.

Peritremata relatively broad, strongly ele-

vated above paranotal surface; ozopores lo-

cated just caudal to midlength of peritre-

mata, opening laterad.

Sides of metazonites smooth, polished,

with elevated ridge varying from slightly

notched or scalloped to smooth and slightly

longer caudad (Fig. 1). Strictures distinct

ventrally. Sterna of segments 4-6 glabrous,

without distinct modifications, with only

slight, barely perceptible concavities. Post-

gonopodal stema also glabrous, flat and

Figs. \-A. Lourdesia minuscula. 1-3, holotype. 1,

caudal view of 7th segment showing profiles of ridges

on sides of metazonites. 2, left gonopod, medial view.

3, the same, lateral view. 4, left cyphopod of female

paratype, anterior view. Setation is omitted from all

drawings. Scale line = 0.5 mm for Figs. 2, 3, 1.9 mm
for Figs. 1,4.

plate-like, without grooves, elevations, or

projections from caudal margins. Coxae and

prefemora without projections; tarsal claws

ofnormal length on all legs, variably hooked

to sublinear. Hypoproct broadly rounded;

paraprocts with margins strongly thickened.

Gonopodal aperture ovoid, without in-

dentations, margins not thickened, caudal

margin and caudal halves of sides slightly

elevated above metazonal surface. Gono-
pods in situ with coxae protmding through

aperture, telopodites projecting ventrad and
curving toward midline, apices overlapping

and extending slightly beyond anterior mar-

gin of aperture. Gonopod stmcture as fol-

lows (Figs. 2, 3): Coxae closely appressed,

filling nearly entire aperture opening. Pre-

femur lightly hirsute, without prefemoral

process. Acropodite relatively short, con-

tinuous with prefemur, in form of progres-

sively narrowing, undivided blade, curving

gently and bisinuately, bending strongly

mediad distal to midlength and curving bi-

sinuately to subacuminate tip. Prostatic

groove arising in pit in base of prefemur.
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running along inner surface of acropodite to

terminal opening.

Male paratype. — The male paratype

agrees with the holotype in all particulars.

Female paratypes. — Length approxi-

mately 15.9 mm, maximum width 2.8 mm,
W/L ratio 17.6%, depth/width ratio 75.0%.

Agreeing essentially with males in all struc-

tural features; paranota only slightly more

strongly depressed; ridges on sides of meta-

zonites smaller and more rounded. Cypho-

pods in situ with valves projecting through

aperture. Valves (Fig. 4) subequal, relatively

large, oriented transversely. Receptacle ab-

sent. Operculum relatively large, located

laterad below free end of valves.

Variation.—The Baldwin County male

agrees closely with the holotype.

Ecology.—The only habitat information

on the vial labels is the notation "bluffmixed

woods" with the Baldwin County male. Pre-

sumably this refers to a mixed pine/hard-

wood association. I also found light-colored

debris in the guts of two individuals, sug-

gesting a sandy substrate. Both samples were

collected in January, indicating a preference

for cool weather.

Distribution.—Known only from the type

locality and the following site, also in south-

em Alabama, which straddle the Florida

panhandle suggesting probable occurrence

between Pensacola and DeFuniak Springs,

Florida.

ALABAMA. Baldwin Co., ca. 10 mi W
Loxley, near junction of US highways 90/

98, M, 22 January 1965, N. B. Causey

(FSCA).

Remarks. — Lourdesia minuscula and

Parvulodesmus prolixogonus Shelley are the

smallest xystodesmids in the eastern Ne-

arctic faunal region. With its narrow width

and distinct peritremata, L. minuscula ap-

pears more like a large paradoxosomatid,

for example like a large Oxidus gracilis (C.

L. Koch), than a xystodesmid. It clearly is

not a paradoxosomatid, lacking the dorsal

metazonal grooves and the characteristic se-

tal arrangement on the paraprocts, but its

general facies differs markedly from those

of other eastern xystodesmids.
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THE FLOWER FLY GENUS ORNIDIA (DIPTERA: SYRPHIDAE)
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Abstract.—Tht flower fly genus Ornidia (Diptera: Syrphidae) is revised. The genus is

redescribed; a key to species is presented; the phylogenetic relationships of the genus and

species are hypothesized; the included species are redescribed; with a new species, white-

headiy described from Panama (type) and Colombia; and the critical characters are illus-

trated.

Key Words: key, phylogenetic relationships, neotropical

Ornidia is small group of brilliant metal-

lic green or purple flies found mainly in the

New World tropics: Anyone who has spent

time in these tropics knows these beautiful

flies as they are common around human
habitations. The genus contains only 4 spe-

cies: One common species found every-

where in the New World tropics and that

has spread extensively through the Old
World tropics during the last century with

commerce, two others which are less com-
mon but widespread, and one new species,

presently known from a few specimens from

Panama and Colombia. This paper presents

a revision of the genus, with complete syn-

onymies (except only major references giv-

en for obesa), descriptions, and distribu-

tional and biological data for all taxa.

Genus Ornidia Lepeletier and Serville

Ornidia Lepeletier & Serville, 1828: 786.

Type-species, Syrphus obesus Fabricius

(orig. des.). Curran 1930: 2 (key); Val 1972

(key, biometry, evolution); Thompson
1972: 106 (descr., relationships).

Volucella, subg. Ornidia: Hull 1949: 348

(description); Hardy 1964: 403 (descrip-

tion).

Head: face concave beneath antenna.

straight below median tubercle, with dis-

tinct median tubercle and smaller lateral tu-

bercle; frontal prominence distinct, low,

above middle ofhead; frontal triangle short,

'/2 as long as eye contiguity, slightly puffed

out; front of female narrow, about twice as

long as wide at antennal base, as long as

face, with convergent sides dorsally, puffed

out, with a transverse depression about Vs

of frontal length above antenna, with short

sublateral longitudinal depression extend-

ing about V3 the length of front above trans-

verse depression. Eye pilose, holoptic in

male. Antenna short, shorter than face; ba-

soflagellomere elongate, twice as long as

broad at base; arista plumose, as long as

antenna.

Thorax: about as long as broad; noto-

pleuron enlarged, swollen and elongate pos-

teriorly on lateral V2; meso-anepistemum

with anterior portion bare; meso-katepister-

num with posterior Vi completely pilose;

meso-anepimeron with posterior portion

pilose; meropleuron with barrette pilose;

with a patch of pile anterobasal to meta-

thoracic spiracle; scutellum with a pre-api-

cal depression, without ventral pile fringe.

Wing: without microtrichia; marginal cell

closed, petiolate, with apical portion an-
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gulate posteriorly; apical crossvein reces-

sive.

Abdomen: suboval, convex, without bris-

tles.

Ornidia belongs to the tribe Volucellini

and is the sister of Copestylum [Volucellini

= Graptomyza + (Volucella + {Ornidia +
Copestylum)), see Thompson and White-

head (1986) for explanation of cladistic for-

mulae] (Thompson 1972). The genus is de-

fined (synapomorphy) by its facial and

notopleural structure, the arrangement of a

large medial and smaller sublateral tuber-

cles on the face (Figs. 1-3), and the enlarged,

posteriorly produced notopleuron (Fig. 4),

states which are unique among flower flies.

The cladistic relationships are derived from

the following characters (see Table 1), with

the polarity determined by outgroup com-

parison (tribe Rhinigiini, genus Ferdinan-

dea):

1) Male eyes holoptic (0) or dichoptic (1).

This character varies within the genus Co-

pestylum, one species group has dichoptic

eyes, the rest holoptic, which is accepted as

the ground plan condition.

2) Arista bare (0), sparsely and short pi-

lose (1), or plumose (densely and long pi-

lose) (2). The aristal pilosity varies greatly

in both Graptomyza and Copestylum. In

Graptomyza most species have the arista

sparsely pilose with short hairs, which I ac-

cept as the ground plan condition (as inclu-

sa), some species have only a few very short

aristal hairs, one undescribed species from

Australia has no aristal hairs, and some spe-

cies have long and numerous hairs (as in

longirostris). In Copestylum, there are a few

species groups with distinctive aristal pi-

losity, but these are all clearly derived from

the basic plumose condition. One species,

pseudotachina, has the arista bare, a sec-

ondary reduction.

3) Meso-anepistemum bare (0) or pilose

(1).

4) Meso-katepistemum continuously pi-

lose (0) or bare medially (1).

5) Meso-anepimeron bare posteriorly (0)

or pilose (1).

6) Meso-katepimeron (barrette) bare (0)

or pilose (1).

7) Postalar wall bare (0) or pilose poste-

riorly (1).

8) Scutellum without (0) or with pre-api-

cal depression (1).

9) Medius with apical portion (apical

crossvein) processive (0), arcuate and

strongly recurrent (1) or straight (2).

10) Cell R4 + 5 (apical cell) open (0), pet-

iolate (1) or bulbous apically (2). Within

Copestylum, the apical cell varies from

widely open, to petiolate and bulbous. I ac-

cept the widely open state as the ground plan

condition for Copestylum.

1 1) M2 present (0) or absent (1).

12) Larvae saprophagous (0) or special-

ized inquilines in nests of social Hymenop-
tera(l).

The taxa examined were:

Copestylum {apicalis Loew, compactus

Cuvran, fornax Townsend, gibbera Schiner,

hirtipes Macquart, marginatum Say, mexi-

canum Macquart, trituberculatum Thomp-
son, tympanitis Fabricius);

Ferdinandea {cupreus Scopoli);

Graptomyza {alabeta Mutin, doddi Fer-

guson, flavicollis Ferguson, inclusa Walker,

liberia Greene, longirostris Wiedemann,

maculipennis de Meijere, microdon Osten

Sacken, nigripes Brunetti, plumifer Fergu-

son, signata Walker);

Ornidia (all species);

Volucella (bombylans Linnaeus, decolo-

rata Walker, elegans Loew, inanis Linnae-

us, inflata Fabricius, jeddona Bigot, linearis

Walker, nigricans Coquillett, pellucens Lin-

naeus, rotundata Edwards, tabanoides Mot-

schulsky, trifasciata Wiedemann, and zo-

naria Poda).

I now accept the diphyletic origin of the

Old World volucellines as Graptomyza are

now known to be saprophagous, not spe-

cialized inquilines. Also, Tachinosyrphus is

no longer accepted as a genus distinct from

Copestylum (new synonymy) as that ar-
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head

mesonotum

2nd sternum

Figs. 1-8. Features of Ornidia. 1, 2. Facial profiles. 1, aemula Williston. 2, mayor Curran. 3. ohesa Fabricius,

head, lateral. 4. obesa Fabricius, notopleuron and adjacent structures, dorsal view. 5, 6. Wing, apical half. 5,

aemula Williston. 6, mayor Curran. 7, 8. Abdominal sternum, lateral profile. 7, wo/or Curran. 8, aemula Williston.

rangement left Copestylum as undefined.

The above cladistic formula, which is the

same as my 1 972 phylogeny, is derived when
the type species are used as exemplars (CI

= 87, RI = 71, 1 tree). The possibility that

Ornidia is a specialized subgroup of Cope-

stylum rests on the evaluation of one char-

acter, the pilosity of the posterior portion

ofthe anepimeron. In my previous analysis,

I considered the pilose condition to be prim-

itive in all situations. Hence, Copestylum

was defined by a bare posterior anepimeron.

However, under a strict outgroup criterion,

the bare condition is primitive within the
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Table 1 . Characters of volucelline taxa.
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Figs. 9-12. Male genitalia of Ornidia, lateral view. 9, aemula Williston. 10, obesa Fabricius. 11, major

Curran. 12, whiteheadi T\iom^son.
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Figs. 13-16. Male genitalia of Ornidia, dorsal view. 13, aemula Williston. 14, obesa Fabricius. 15, major

Curran. 16, whiteheadilhom^^on.

black pilose except white pollinose under

antenna; cheek shiny, black pilose; frontal

triangle shiny, black pilose; frontal lunule

brown; antenna brownish black, black pi-

lose; arista orange, with aristal hairs black;

vertical triangle shiny, black pilose; eye

brown pilose on dorsal Vi only; occiput shiny

on ventral % white pollinose elsewhere,

white and black pilose.

Thorax: metallic purplish black, shiny ex-

cept narrowly grayish-white pollinose an-

teriorly; pleuron black pilose; mesonotum

black pilose, without pre-scutellar bristles;

scutellum with pre-apical depression broad,

shallow and not distinctly divided medially,

black pilose; squama and plumula black;

halter white except stem brownish. Wing:

hyaline except for maculae; apical macula

large, covering all of apex of cell Rl+2.
Legs: metallic purplish black, black pilose.

Abdomen: metallic purplish black, shiny;

venter black pilose except white pilose on

basal y. of 2nd sternum; 4th sternum with-

out bristle apicolaterally; dorsum black pi-
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Fig. 17. Hahixus of Ornidia whifeheadiThompson.
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lose except with long tawny pile on basal %
of4th tergum; male genitalia segments black

pilose.

Size.— Mesonotal length, 3.9-4.4; wing

length, 12.4-14.3 (see Val 1972).

Types.— Volucella aemula was based on

two female specimens, both of which are in

the American Museum of Natural History

with identical labels ("Brazil, Piedra, HH
Smith" "Volucella aemula Williston"). One
is here designated lectotype and has been so

labeled, the other paralectotype.

Distribution.— Costa Rica*, Colombia*,

Venezuela*, Surinam, Brazil, Bolivia* (* in-

dicates specimens examined from these

countries).

Ornidia aemula is easily distinguished

from the other species of the genus by it

large apical wing spot (Fig. 5), digitate pro-

cess on the second sternum (Fig. 8) and the

more pronounced facial tubercle (Fig. 1).

Ornidia major Curran

Figs. 1, 11, 15

Volucella violacea Macquart 1842: 23, pi.

6, fig. 3 (habitus), 3a (head). Type-local-

ity: Brazil. Lectotypte 9 MNHN, Paris

here designated. Preoccupied by Volucel-

la violacea Say 1830. New synonym.

Ornidia mayor Curran 1930: 2. Type-local-

ity: Brazil. Holotype S AMNH. Val 1972

(biometry, distribution, male genitalia

figured); Baez 1985: 74 (Venezuela).

Metallic green or purplish blue flies.

Head: face shiny, black pilose except white

pollinose under antenna; cheek shiny, black

pilose; frontal triangle shiny, black pilose;

frontal lunule orange; front shiny, tawny and

black pilose; antenna brownish black, black

pilose; arista orange, with aristal hairs black;

vertical triangle shiny, black pilose; eye black

pilose; occiput shiny on ventral 'A, white

pollinose dorsally, white pilose with a few

black hairs dorsally.

Thorax: shiny except narrowly grayish-

white pollinose anteriorly; pleuron white pi-

lose except black pilose on anepistemum

and anepimeron; mesonotum black pilose,

with short weak pre-scutellar black bristles;

scutellum with pre-apical depression divid-

ed medially, black pilose except tawny pi-

lose on margins; squama and plumula black;

halter white except stem brownish orange.

Wing: hyaline except for maculae; apical

macula small, only covering area around

Rl+2. Legs: front and mid coxae and tro-

chanters metallic green, shiny; hind coxa

metallic green, grayish-white pollinose;

middle coxa black pilose; front and hind

coxae white pilose basally, black pilose api-

cally; femora shiny, dark metallic green to

bluish black, becoming black apically, black

pilose; tibiae metallic purplish black, shiny,

black pilose; tarsi brownish black, black pi-

lose.

Abdomen: shiny except extensively black

pollinose on 2nd tergum; venter black pilose

except black on basal '/3 of 2nd sternum; 4th

sternum without bristles apicolaterally; 1st

tergum tawny pilose; 2nd and 3rd terga short

black pilose; 4th tergum long tawny pilose;

male genitalic segments white pilose, except

8th tergum black pilose.

Size.— Mesonotal length, 3.6-4.2; wing

length, 10.6-12.5 (see Val 1972).

Types.— Volucella violacea Macquart was

based on an unspecified number of female

specimens. A single female with the appro-

priate Macquart determination label ("V.

violacea, Mr. Sylvira Bresil") and museum
labels ("Sylvair . . . [unreadable], Brasil,

1839" "No 1094, Volucella, violacea") was

found in Paris, is here designated lectotype

and has so been labeled. Giglio-Tos ( 1 892b:

64) synonymized violacea with obesa\ this

synonymy was accepted by subsequent

workers. The holotype of A?7a/cr Curran was

examined and found to correspond to the

current concept of the name.

Distribution. — Mexico (Vera Cruz)*,

Guatemala*, Costa Rica*, Panama*, Co-

lombia*, Venezuela*, Ecuador*, Peru*, Bra-

zil*, Bolivia* and Paraguay*.

Ornidia major is distinguished from obesa

by its larger size (see Val 1972), more or
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less divided preapical sculcUar depression

and the presence of short presculellar bris-

tles; major differs from acniula and whitc-

hcadi as noted under those species. Earlier

authors, such as Williston (1891), misiden-

lified major as obcsa.

Ornidia obesa Fabricius

Figs. 3, 4, 6, 10, 14

Syrphus ohesus Fabricius 1775: 763. Type-

locality: "America" [= Virgin Islands].

Lectotype <5 UZM, Copenhagen (Thomp-
son 1981: 195).

Musca obesa: Gmelin 1790: 2868 (descrip-

tion).

Voliiccllaobcsa:V^'\cdcvmnx\ 1830: 199(re-

descr.); Macquart 1842: 21 (distribution;

Chile); Walker 1849: 637 (distribution,

Mauritius, synonymy); Bigot 1859: 431

(Madagascar; descriptive note; breeds in

latrines in Mexico); Macquart 1850: 31 1

(note on distribution); Williston 1887: 143

(description, head figured), 1 89 1 : 50 (syn-

onymy, distribution); Giglio-Tos 1892b:

64 (distribution; synonymy), 1895: 360

(Seychelles); Aldrich 1905: 380 (catalog

citation); Banks 1907: 450 (Virginia);

Kertes/ 1910: 763 (catalog citation); Bez-

zi 1915: 4 (questionable record from Af-

rica); Banks et al. 1916: 186 (Virginia);

Sack 1921: 138 (Paraquay, larva figured);

Jones 1 922: 33, 53 (Colorado); Hull 1 923:

297 (New Jersey); Curran 1925: 206 (male

genitalia figured); Johnson 1925: 172

(Massachusetts); Johannsen 1926: 798

(New York); Bezzi 1928: 77 (Tahiti); Wil-

liams 1931: 284, 1939: 284 (life history,

Hawaii); Shannon & Aubertin 1933: 168

(Argentina; not in Chile); Doesburg 1963:

18, 1966: 96 (Surinam); Hardy 1964: 404
(Hawaii, description, head & male geni-

talia figured); Greenberg & Povolny 1971:

83 (public health importance); Greenberg

1971: 201 (biotic associates).

Ornidia obcsa: Lcpeletier & Scrville 1828:

786 (descr.; Asia, Mauritius); Val 1972

(biometry, geographic variation, male
genitalia figured); Knutson et al. 1974: 335

(Oriental distribution); Smith & Vock-

eroth 1980: 497 (Afrotropical distribu-

tion); Thompson 1981: 120 (West Indian

references, status); Baez 1985: 75 (Ven-

ezuela); Thompson & Vockeroth 1989:

447 (Australian distribution); Bullock

1990: 253 (ex vo\\\ng Jacaratia mexicana

(Caricaceae)).

Volucella obesoides Giglio-Tos 1892a: 4.

Type-locality: Mexico. Holotype $ IMZ.
Giglio-Tos 1892b: 65 (description), 1895:

360 (Paraguay, Argentina); Godman &
Salvin 1903: 90 (citation); Aldrich 1905:

380 (catalog citation); Kertesz 1910: 197

(catalog citation); Curran 1930: 2 (key).

Synonymy by Thompson et al. 1976: 70.

Ornidia obesoides: Curran 1930: 2 (key);

Doesburg 1963: 18, 1966: 97 (Surinam).

Metallic green or purplish blue flies.

Head: face shiny, white pilose except white

poUinose under antenna; cheek shiny, white

pilose; frontal triangle shiny, white and black

pilose; frontal lunule orange; front shiny,

tawny and black pilose; antenna brownish

black, black pilose; arista orange, with aris-

tal hairs black; vertical triangle shiny, black

pilose; eye brown pilose; occiput shiny on

ventral 'A, white poUinose dorsally, white

pilose with a few black hairs dorsally.

Thorax: shiny except narrowly grayish-

white poUinose anteriorly and with black

poUinose medial vitta on anterior '/2 of

mesonotum; pleuron tawny pilose with a

few black hairs intermixed; mesonotum
black pilose; scutellum with pre-apical de-

pression continuous, not divided medially,

black pilose except tawny pilose on margins;

squama and plumula black; halter white ex-

cept stem brownish orange. Wing: hyaline

except for maculae; apical macula small,

only covering area around R 1 + 2. Legs: front

and mid coxae and trochanters metallic

green, shiny; hind coxa metallic green, gray-

ish-white poUinose; middle coxa black pi-

lose; front and hind coxae white pilose ba-

sally, black pilose apically; femora shiny,

dark metallic green to bluish black, becom-
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ing black apically, black pilose; tibiae me-

tallic purplish black, shiny, black pilose; tar-

si brownish black, black pilose.

Abdomen: shiny except black pollinose on

most of 2nd tergum in male; venter yellow

pilose except black on apical edge of 3rd

and apical '/j of 4th sterna; 4th sternum

without bristles apicolaterally; 1st tergum

tawny pilose; 2nd and 3rd terga short black

pilose; 4th tergum long tawny pilose; male

genitalic segments tawny pilose, except 8th

tergum black pilose; female genitalic seg-

ments tawny pilose.

Size.— Mesonotal length, 2.3-3.6; wing

length, 7.4-1 1.2 (see Val 1972).

Types.—The syntypes o{ ohesa Fabricius

were examined, and a lectotype designated

(Thompson 1981). Vockeroth (in Thomp-
son et al. 1976) examined the holotype of

obesoides Giglio-Tos and identified it as a

specimen of obesa Fabricius.

Distribution.— Massachusetts, New York,

New Jersey, Colorado, Arizona, New Mex-
ico*, Texas*, Florida*, Bahamas*, Cuba*,

Jamaica*, Dominican Republic*, Haiti*,

Puerto Rico*, Lesser Antilles*, Trinidad*,

Mexico*, Guatemala*, El Salvador*, Be-

lize*, Honduras*, Nicaragua*, Costa Rica*,

Panama*, Colombia*, Venezuela*, Suri-

nam*, Guyana*, French Guiana*, Ecua-

dor*, Peru*, Brazil*, Paraguay*, Bolivia*,

Argentina*, Hawaii*, Marquesas*, Society

Islands*, Marshall Islands*, Samoa*, Niue*,

Solomon Islands*, New Caledonia*, Java,

Seychelles, Madagascar, Mauritius, Re-

union, Tanzania, South Africa.

Ornidia obesa is a ubiquitous fly in the

New World tropics and once was more
widespread in the Old World tropics and

the north of the New World. In the New
World, the species have been recorded as

far north as Colorado, Massachusetts and
New York, and in the Old World tropics as

far west as mainland Africa, but there are

no modern records from these areas [in the

above synonymy I have tried to give all the

exotic citations to obesa, but only the prin-

cipal New World ones]. Ornidia obesa is

known to breed in human latrines and other

semiliquid wastes, and back when sanita-

tion was not as good as today, Ornidia obesa

apparently had a more extensive range. As
Macquart (1850: 311) first noted, Ornidia

obesa is the only New World fly that has

spread to the Old World tropics. Ornidia

obesa is known to carry bacteria of public

health importance {Salmonella, Shigella)

(Alcivar and Campos 1946) and Mycobac-

terium (Currie 1910). The species is also

beneficial as the maggots can convert coffee-

production waste products into useful pro-

tein sources for cattle feed (Larde 1989).

Ornidia whiteheadi Thompson,

New Species

Figs. 12, 16

MdAc.—Head: metallic green; face shiny,

black and lawny pilose except white polli-

nose under antenna; cheek shiny, white pi-

lose; frontal triangle shiny, tawny and black

pilose; frontal lunule orange; antenna

brownish black, black pilose; arista orange,

with aristal hairs black; vertical triangle

shiny, black pilose; eye brown pilose; oc-

ciput shiny, white pilose with a few black

hairs dorsally.

Thorax: metallic green, shiny except nar-

rowly grayish-white pollinose anteriorly;

pleuron tawny pilose with a few black hairs

intermixed; mesonotum tawny pilose ex-

cept medial '/^ black pilose, with a single

weak prc-scutellar black bristle on left side;

scutellum with pre-apical depression divid-

ed medially, black pilose except tawny pi-

lose on margins; squama and plumula taw-

ny; halter orange except stem brownish.

Wing: hyaline except for maculae; apical

macula small, only covering area around

Rl +2. Legs: coxae and trochanters metallic

green, shiny, white pilose; femora shiny,

bright metallic green and tawny pilose on

basal '/3, becoming dark apically, with apex

black, black pilose on apical %; tibiae me-

tallic purplish black, shiny, black pilose; tar-

si brownish black, black pilose.

Abdomen: metallic green, shiny; venter
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white pilose except bare on medial '/3 of 3rd

and % of 4th sterna; 4th sternum with ap-

icolateral black pile fused together to give

appearance of strong black bristles; 1 st ter-

gum tawny pilose; 2nd tergum black pilose

on apical %, tawny pilose basally; 3rd ter-

gum short black pilose on apical Vi and nar-

row medially, elsewhere tawny pilose; 4th

tergum tawny pilose; male genitalic seg-

ments white pilose, except 8th tergum black

pilose; male genitalia as figured (Figs. 12,

16), with a large postanal process posterior

to cerci and between surstyles (see Fig. 1 2b).

Female similar to male except for normal

sexual dimorphism and more extensively

pale tawny pilose: mesonotum almost en-

tirely tawny pilose, 2nd and 3rd terga tawny

pilose except for black pilose on apical %.

Size.— Mesonotal length, 3.0-3.2; wing

length, 9.5-10.2.

Holotype. — Male, PANAMA: Cerro

Campana, 15 July 1963, W. G. Real, de-

posited in California Academy of Sciences,

San Francisco. Paratypes: 3 females in Unit-

ed States National Museum. Panama: Canal

Zone, Barro Colorado Island, 13 May 1979,

Silberglied & Aiello, ovipositing on Attn

dung. COLOMBIA: Antioquia, Aljibes,

Providencia, c. 33 km sw Zaragosa; 29 De-

cember 1970, Richard W. Pinger, "in ham-
ster trap"; same locality and collector, 13

October 1970.

Ornidia whiteheadi is similar in size and

appearance to major, but is readily distin-

guished from all other Ornidia species by

the extensive tawny pile on the mesonotum,

pleuron and 3rd tergum. The structure of

the male genitalia is also unique among vol-

ucellines.

Ornidia whiteheadi is named for Donald

R. Whitehead (see the appended eulogy).

When I first saw the unique male (back in

1974) I asked Don, who knew Central

America well, about the type locality— was
it unique in any way? Don thought not. We
then discussed the ethics of describing spe-

cies from unique specimens. Our conclu-

sion was that such new species should only

be described when the more inclusive taxa

(genus, tribe or family) are revised. Don as-

sured me that more specimens of my new
species would appear some day as Central

America was an area of active exploration,

but, like the man for which the species is

named, whiteheadi remains represented by

a unique male! So, to remain true to his

convictions, I have herewith revised the

more inclusive taxon, Ornidial
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Don Whitehead Remembered

(1938-1990)

I don't know when I first met Don, but I first came to know him when I joined the staff of the

Systematic Entomology Laboratory back in 1974. Don was then a Research Fellow working for

Dan Janzen. Dan is interested in saving the tropics and was then trying to figure out how tropical

dry forests, such as those in Costa Rica, really work. Seeds and the insects associated with them
were the key components to this puzzle. Don was Dan's insect speciahst. And there has never

been a specialist as versatile and competent as Don. While he worked mainly with John Kingsolver

deciphering the patterns of evolution and distribution of seed weevils, Don also tackled some
parasitic wasps and seed bugs. Don had worked on ground beetles for his graduate work and his

real love was for millipeds. From his first major paper, which received unusual praises in a rare

review (for a Ph.D. thesis) in Systematic Zoology, every paper of Don's was carefully crafted to

present the findings and always a unique interpretation of their significance.

Don had the best mind in the laboratory. When I needed an answer Don was my source. In

the beginning it was cladistics, statements of how things were interrelated. Back then there were

no PCs, one either had access to mainframe computers or one worked it out by hand. Don was

better than either approach! Once I received a manuscript for review. I knew the cladogram, the

tree of relationships, was wrong despite the author's assertion otherwise, for I saw a few misplaced

characters. However, I wanted to be certain as I was reviewing someone else's work. So, with

manuscript in hand I went off to see if Don was ready for a beer. It was late in the afternoon,

and Don and I did our best thinking over a beer or two, in those days. With a pencil and couple

of napkins, Don quickly found a number of shorter trees, with one significantly so. Today kids

with their PCs and Hennig86s can do this, but then and now only Donald Whitehead could do
it the old-fashioned way faster! Later the questions became more mundane, like what is the best

way to prioritize research in SEL. But regardless of topic, I always sought Don's advice on virtually

everything. Don was quiet, a careful thinker. Hence, he wasn't always speaking out at meetings.

He would instead dissect the problem, consider the logical alternatives, and formulate the best

argument. So, frequently his input came later, and hence many will never know how critical Don
was in shaping his Science and organization, SEL. I can only say what Newton said before, if 1

have seen further and achieved more, it's because I have stood on the shoulders of giants. Don
was my giant.

Don was always a support for me; from providing the little things like reading my manuscript

to critical things like sharing thoughts on life. Don's last act for me was to re-direct me to the

essentials. Last summer when Don discovered he had cancer, he quietly re-assessed his life,

ordered his affairs, and turned his mind back to critical questions. There is one unique charac-

teristic of life on this earth and that is that it is diverse. "Why is life so diverse?" is the essential

question for systematists. Don began with that question, providing insights to its answer with

his studies on ground beetles, seed weevils and the like. Don had always been fascinated by the

strange and delightful many-legged "worms," millipeds, that are found in our mountains. The
diverse array of colors of these millipeds didn't seem to correlate with where Don found them.

So over the last year, Don searched to formulate an answer to this puzzle. And in October at

Providence, he told the Eastern Branch of the Entomological Society of America that he had an

answer. He likewise told his colleagues here at a meeting of the Entomological Society of Wash-
ington. I was with him at both places. Don was having fun for he was again reveling in the

excitement of his science. He was struggling with that essential question of why life is diverse.

All the while I was lost in the strange world of government red-tape trying to get a computer
system for the laboratory. Don saved me, his example being an inspiration— Order your life, seek

the essential, and you will find your rewards.

Don's devotion to Science will always live. His colleagues have and will continue to establish

monuments to it. And the uniqueness of some of these monuments is such that all generations

will know his name. Years ago and in the mountains of Mexico, George Ball and Don pursued

ground beetles. Don also collected a stray milliped. Today that creature is known as Geoballus

caputalbus, or in English, Whitehead's milliped. No one will ever forget that name!



PROC. ENTOMOL. SOC. WASH.
93(2), 1991, pp. 262-271

THE ANTHONOMUS GUTTATUS SPECIES GROUP
(COLEOPTERA: CURCULIONIDAE)

Wayne E. Clark

Department of Entomology and Alabama Agricultural Experiment Station, Auburn
University, Alabama 36849-5413.

Abstract.— Four species of neotropical Anthonomini are assigned to the Anthonomus
guttatus group. Adults of two of these species have been collected on Casearia sylvestris

Sw. (Flacourtiaceae). Characters diagnostic of the A. guttatus group and of each of the

species are described and some are illustrated. A key to the species is presented. Three

new species are described: A. argocephale (Brazil), A. albocapitis (British Virgin Islands,

Cuba, Haiti, Puerto Rico, Republica Dominicana) and A. leucocephale (Cuba). A lectotype

is designated for A. guttatus (Champion). Relationships of the A. guttatus group to A.

sallei Burke and the A. triensis group are discussed.

Key Words: Anthonomus, caesaria, Anthonomini, Curculionidae

The Anthonomus guttatus group contains

four species that occur in Mexico, Central

and South America and the West Indies,

two of which have been collected on Cas-

earia sylvestris Sw. (Flacourtiaceae). Cham-
pion (1903) placed A. guttatus (Champion),

with the other Central American Anthono-
mini known by him to have 6 antennal

funicular articles, in the genus Pseudan-

thonomus Dietz. As Burke (1979) asserted,

however, A. guttatus does not belong in that

genus. The species was recently transferred

to Anthonomus (Clark 1990), along with

several ofthe other species Champion ( 1 903,

1910) had assigned to Pseudanthonomus but

in which the upper margin of the lateral

rostral groove is directed to the upper mar-

gin rather than to or below the lower margin

of the eye. This paper includes descriptions,

illustrations and a key to A. guttatus and
three previously undescribed species in the

A. guttatus group and discussions of the re-

lationships of the group to A. sallei Burke

and to the A. triensis group. It is dedicated

to the memory ofthe late Donald R. White-

head. The specific epithets, Latin or Greek

combinations of words meaning "white"

and "head," join Anthonomus whiteheadi

(Clark In Press) as tokens of my apprecia-

tion to Don for his help and encouragement

over the years.

Materials and Methods

Specimens of 78 adult weevils, including

the types of the previously described spe-

cies, were examined. These were from the

collections of the following individuals and

institutions (codens identify the collections

in the text):

AMNH The American Museum of Nat-

ural History, New York, New
York, USA, L. H. Herman, Jr.;

AUEM Auburn University Entomologi-

cal Collections, Auburn, Ala-

bama, USA, W. E. Clark;

BMNH The British Museum (Natural

History), London, England, R. T.

Thompson;
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CWOB C. W. O'Brien Collection, Tal-

lahassee, Florida, USA;
DZUP Universidade Federal do Parana,

Curitiba, Brazil, G. H. Rosado-

Neto;

HAHC H. and A. Howden Collection,

Ottawa, Canada;

MCZC Museum of Comparative Zool-

ogy, Cambridge, Massachusetts,

USA, D. G. Furth;

MHND Museo Nacional de la Historia

Natural, Santo Domingo, Re-

publica Dominicana, A. Zaglul;

MZSP Museu de Zoologia, Universi-

dade de Sao Paulo, Sao Paulo,

Brazil, U. Martins;

TAMU Texas A&M University, College

Station, Texas, USA, H. R.

Burke;

USNM National Museum of Natural

History, Washington, D.C., USA,
D. R. Whitehead;

ZMHB Museum fiir Naturkunde der

Humboldt-Universitat, Berlin,

DDR, F. Hieke.

Measurements were made with the aid of

an ocular micrometer in a dissecting micro-

scope as follows: total length from anterior

margin of eye to elytral apex in lateral view;

width across elytra at widest point; length

ofpronotum, dorsally, from anterior to pos-

terior margins; length of rostrum from an-

teroventral margin of eye to apex, across

arc, in lateral view; length of distal portion

of rostrum from antennal insertions to apex

in lateral view; width of frons at narrowest

point between eyes; width of base of ros-

trum just distad of eyes in dorsal view; and
width of pro- and metafemora, in anterior

view, excluding the inner marginal teeth.

The range and, in parentheses, the mean
and sample size of each measurement are

given for each species.

The Anthonomus giittatus

Species Group

Recognition Characters.—The A. gutta-

tus group includes Anthonomini with 6 an-

tennal articles; a single profemoral tooth;

broad, leucine scales in postscutellar patch-

es on sutural interstriae, in a basal patch on

interstria 6, and in a diagonal median row
and a transverse declivital row of patches

(Figs. 1-8); abdominal tergum 7 of male

(Fig 9) with integument thickened posteri-

orly, with deeply emarginate internal phrag-

ma; pygidium of female (Fig. 10) with an

inverted v-shaped median sulcus anterior

to similarly shaped median carina with

deeply emarginate internal phragma and

with a bilobed, apicomedian prominence;

endophallus (Figs. 15-18) with a median

sclerite bounded by two lateral sclerites; and

tegmen without parameres.

The species are further characterized as

follows:

Length: 2.00-3.04 mm. Width: 1 .02-1 .70

mm. Head: vertex with elongate, narrow,

pallid scales; venter with broader, imbri-

cated, lacteous scales; eyes strongly convex

posteriorly. Rostrum: proximal portion ru-

gulose; upper margin oflateral rostral groove

directed to upper mid-portion of eye; distal

portion rugulose, glabrous. Prothorax: each

puncture with an elongate, apically round-

ed, leucine scale or a narrower, aeneus scale;

broad scales abundant in narrow middorsal

vitta. Elytra: interstriae with apically

rounded, leucine scales and narrower, ae-

neus scales; slightly more convex, darker in

color and glabrous in alternating patches on

even-numbered interstriae anterior and
posterior to most prominent patches of pal-

lid scales; strial punctures small, with mi-

nute setae. Abdomen: posterior margin of

sternum 5 of male broadly, subquadrately

emarginate; abdominal sternum 5 of female

with shallow apicolateral emarginations that

receive apicolateral prominences of pygid-

ium; endophallus minutely denticulate

proximally. Legs: profemur about as wide

as metafemur; protibia straight, with inner-

marginal prominence; metatibial mucro of

male short, slightly curved; metatibial mu-
cro of female minute.

Plant associations.— Adults of two of the
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species in the A. guttatus group, A. argo-

cephale in Brazil and A. albocapitis in the

Republica Dominicana, have been collected

on Casearia sylvestris Sw. (Flacourtiaceae).

One specimen ofthe latter species was taken,

according to label data, on Faramea occi-

dentalis (L.) A. Rich. (Rubiaceae). The im-

mature stages and developmental sites of

the species are unknown, so the host asso-

ciations of the species cannot be ascer-

tained. It seems likely, however, that C syl-

vestris will be found to be a host because of

the large number of specimens collected on

the plant.

Relationships.—The thickened posterior

margin with the emarginate internal phrag-

ma ofabdominal tergum 7 of the male (Fig.

9) and the similar, corresponding, inverted

V-shaped median sulcus with emarginate in-

ternal phragma of the pygidium (tergum 7)

of the female (Fig. 1 0) are similar to the

"... inverted v-shaped to broadly u-shaped

line(s) . .
." found in the species ofAnthon-

omus in Xh^A. triensis group (Clark In Press).

It seems possible that the bilobed, apico-

median prominence of the pygidium of the

female ofthe species in the ^4. guttatus group

might be homologous to the apicolateral py-

gidial prominences observed in the females

of the A. triensis group (Clark In Press). It

likewise seems reasonable that the "pair of

spines and . . . more distal median sclerite"

(Clark In Press) ofthe species in the A. trien-

sis group are homologous to the three large

endophallic sclerites in the A. guttatus group.

It should be noted, however, that the api-

colateral pygidial prominences are also

shared with the species in the A. alboan-

nulatus group and others (Clark In Press),

and that the endophallic sclerites are similar

to those in species in the genus Atractomerus

(Clark 1989). The species in the A. triensis

group are somewhat similar to the species

in the A. guttatus group in having variegated

lighter and darker ferruginous to piceous

elytral and pronotal integument, and in pos-

session of a large, posterolateral, elytral

macula bounded by patches of pallid scales.

The species in the A. guttatus group exhibit

nothing comparable, however, to the en-

larged profemur with the large, bi-emargin-

ate tooth of the species in the A. triensis

group.

As noted by Burke ( 1 979), A. sallei Burke

"superficially" resembles A. guttatus. That

Mexican and Central American species is

like the species in the A. guttatus group in

possession of 6 antennal funicular articles

and in having a similar pattern of patches

of broad, pallid scales on the elytra. Ab-
dominal tergum 7 of^. sallei lacks the mod-
ifications described above for the species in

the A. guttatus group, however, and the en-

dophallus lacks the three elongate sclerites

that characterize the species in that group.

It is intriguing that A. sallei, like some of

the species in the A. guttatus group, is known
to be associated with plants in the genus

Casearia (^urkt 1979).

Key TO Species of Anthonomus in the

A. GUTTATUS Species Group
1

.

Glabrous sections of elytral interstriae 2 and

4 between anterior and declivital patches of

broad, pallid scales interrupted medially by

diffuse patch of similar scales (Fig. 4); meta-

tibia of male (Fig. 12) with well-developed,

median, inner-marginal prominence

A. argocephale

V. Glabrous sections of elytral interstriae 2 and

4 between anterior and declivital patches of

broad, pallid scales continuous, not interrupt-

ed medially by diffuse patch of such scales

(Figs. 1, 2, 5-8); metatibia of male without

inner-marginal prominence (Fig. 1 1), OR, in-

ner marginal prominence at apical 'A (Figs. 1 3,

14) 2

2. Elytral interstriae 3 and 7 without significant

patches of pallid scales, interstria 5 without

declivital patch (Figs. 1, 2); metatibia of male

(Fig. 1 1) curved, without inner-marginal

prominence; profemoral tooth uncinate ....

A. guttatus

2'
. Elytral interstriae 3 and 5 with significant an-

terior and declivital patches of pallid scales,

interstria 7 with small anterior patch (Figs. 5-

8); metatibia of male (Figs. 13, 14) not curved,

with inner-marginal prominence at apical '/v,

profemoral tooth straight 3

3. Metatibia of male with well-developed inner-

marginal prominence (Fig. 13); rostrum of fe-
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male long, strongly, evenly curved (Fig. 5) . .

A. albocapitis

3'. Metatibia of male with feebly developed in-

ner-marginal prominence (Fig. 1 4); rostrum of

female shorter, most strongly curved at point

of antennal insertion 4. leucocephale

Anthonomus guttatus (Champion)

Figs. 1,2, 11, 15

Pseudanthonomus guttatus Champion 1 903:

195. Lectotype (here designated). PAN-
AMA. Chiriqui: male [Sp. figured] [Bu-

gaba,/ Panama./ Champion.] [39]

[B.C. A. Col. IV. 4/ Pseudanthonomus/
guttatus,/ Champ.] [Type] (BMNH).
Paralectotypes. PANAMA. Chiriqui: 1

female, mounted with the lectotype; 1

male [<59] [Bugaba,/ Panama./ Champi-

on.] [B.C. A. Col. IV. 4/ Pseudanthono-

mus/ guttatus,/ Champ.]; 1 male, 5 fe-

males [Bugaba,/ Panama./ Champion.]

[B.C.A. Col. IV. 4/ Pseudanthonomus/

guttatus,/ Champ.] (BMNH). Blackweld-

er 1947: 840. O'Brien and Wibmer 1982:

113. Burke 1979: 203.

Anthonomus guttatus (Champion). Clark

1990: 657.

Recognition characters (Figs. 1, 2).—An-

thonomus guttatus is distinguished from the

other members of the A. guttatus group by

the following combination ofcharacters: El-

ytra (Figs. 1, 2) glabrous between median

and declivital patches of pallid scales on

interstriae 2 and 4, without significant an-

terior and declivital patches of pallid scales

on interstriae 3 and 7, but with fairly dis-

tinct anterior patch on interstria 5; meta-

tibia of male (Fig. 11) curved; profemoral

tooth curved; broad, pallid scales on lower

portion of propleuron replaced on lower

mid-portion by narrower scales. The eyes

are less strongly prominent in A. guttatus

than in the other members ofthe A. guttatus

group.

Mdi\Q.— Length: 2.24-2.64 mm (mean =

2.43, n = 6). Width: 1.26-1.42 mm (mean
= 1.33, n = 6). Head: eyes not prominent.

separated by distance approximately 0.7 x

width of rostrum at base. Rostrum: length

1.38-1.57 (mean = 1.50, n = 6) x pronotal

length; distal portion 34-38% (mean = 36,

n = 6) of total rostral length. Prothorax:

interspaces between punctures narrow;

broad, pallid scales forming broad postoc-

ular vitta on pleuron. Elytra: leucine scales

elongate, dense in diagonal median and de-

clivital rows of patches on interstriae 2, 4,

6, 8 and 10. Abdomen: aedeagus (Fig. 15)

subparallel sided, with slight apical prom-

inence; endophallus (Fig. 1 5) with median

sclerite long, lanceolate, lateral sclerites

shorter, stouter. Legs: profemoral tooth

slender, acute, curved; protibia with inner-

marginal prominence feebly developed;

protibial uncus short, nearly straight.

Female.— Le«^?/2.- 2.00-2.72 mm (mean
= 2.46,n= 10). Pr/^f/z.- 1.10-1.52 mm (mean
= 1.34, n = 10). Rostrum: XtngXh. 1.56-1.84

(mean = 1.71, n = 10) x pronotal length;

length of distal portion 43-50% (mean =

47, n = 10) of total rostral length. Legs:

metatibia nearly straight, without inner-

marginal prominence.

Discussion. — Champion (1903: 195)

considered A. guttatus to be closely related

to A. curvicrus (Champion), noting that the

femoral tooth "arises from near the middle"

in both species. The metatibia is curved in

the male of both species (the female of A.

curvicrus is unknown), but all of the femora

are curved, and more strongly so, in A. cur-

vicrus.

Burke (1979) stated that A. sallei differs

from A. guttatus "in its larger size, stouter

legs, shorter, stouter rostrum and the con-

stricted appearance of the head."

Plant associations.— Specimens o^A. gut-

tatus from Turrialba, Cartago, Costa Rica,

labelled "moss on tree trunks" were ex-

amined, but there is no indication of the

host relationships of the species.

Distribution.— In addition to the 9 syn-

types from Panama, 1 3 specimens ofv4. gut-

tatus from the following localities were ex-

amined. BRAZIL. Sao Paulo: Fazhenda Pau
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Figs. 1-8. Anthonomus guttatus group members, habitus, lateral and dorsal views. 1, 2. A. guttatus, 2,

Turrialba, Cartage, Costa Rica; 3, 4. A. argocephale, <5, Chapeco, Santa Catarina, Brazil; 5, 6. A. albocapitis, 9,

10.5 km E Sabana de la Mar, El Seibo, Republica Dominicana; 7, 8. A. leucocephale, $, holotype.
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d'alho, Itu (1 MZSP). COSTA RICA. Car-

tago: Turrialba (6 HAHC). San Jose: 2 km
S Colon (1 HAHC). MEXICO. San Luis

Potosi: Tamazunchale (2 USNM). VENE-
ZUELA. Lara: Terepaima (1 AUEM).

Anthonomus argocephale. New Species

Figs. 4, 12, 16

Type SQUQS.—Holotype. BRAZIL. Santa

Catarina: male [Brasilien/ Nova Teutonia/

27°irB • 52°23'L/ Fritz Plaumann/ 14 XI

1949/ 300 W. 500 m.] [Pflanze/ 640]

(MZSP). Paratypes. BRAZIL. Parana: 1 fe-

male [Parana/ Guarauna/ 12-40] [4877]

[Colegao/ F. Justus Jor] [DPT7 ZOOL/ UF-
PARANA] 1 female [DPT7 ZOOL/ UF-
PARANA] [PIRACUARA - PARAN/V
BRASIL - 20/ 11/ 1970/ Marinoni &
Moure]. Rio Grande do Sul: 1 female [75

28/ Pio Buek] [Porto Alegre/ 73.9.44] [Cas-

earia/ sylvestris Bery] [4990] [Gregorio

Bondar/ Collection/ David Rockefeller/

Donor]. Santa Catarina: 2 males [CHA-
PEC07 27°07 52'33/ 600 m] [F. Plaumann/

Nov. 1962]. 1 male, 1 female [Brasilien/

Nova Teutonia/ 27°11'B • 52°23'L/ Fritz

Plaumann/ IX 1954/ 300 W. 500 m.]; 1

male [Brasilien/ Nova Teutonia/ 27°irB •

52°23'L/ Fritz Plaumann/ X 1962/ 300 W.
500 m.]. Total paratypes, 8 (AMNH, DZUP,
MZSP).

Recognition characters (Figs. 3, 4).—An-

thonomus argocephale is distinguished from

the other members of the A. guttatus group

by the following combination of characters:

Elytra (Figs. 3, 4) with glabrous sections be-

tween median and declivital patches of

broad, pallid scales on interstriae 2 and 4

interrupted medially by diffuse patches of

similar broad, pallid scales, without signif-

icant declivital patches of pallid scales on

interstriae 3 and 7, but with small anterior

patch on interstria 5; metatibia ofmale (Fig.

12) with well-developed inner-marginal

prominence; broad, pallid scales on lower

portion of propleuron replaced on lower

mid-portion by narrower scales. It is most

likely to be confused with A. guttatus, but

differs from that species by the above listed

characters as well as by having more prom-

inent eyes and by the metatibia ofthe female

which has the outer margin broadly concave

and has a broad inner-marginal promi-

nence.

Ma\Q.— Length: 2.24-2.52 mm (mean =

2.39, n = 4). Width: 1.22-1.46 mm (mean
= 1.32, n = 4). Head: eyes prominent, sep-

arated by distance approximately 0.7 x

width of rostrum at base. Rostrum: length

1.39-1.59 (mean = 1.46, n = 4) x pronotal

length; distal portion 30-37% (mean = 34,

n = 4) of total rostral length. Prothorax:

interspaces between punctures narrow;

broad scales forming broad postocular vitta

on pleuron. Elytra: leucine scales elongate,

dense in diagonal median, posteromedian

and declivital rows of patches on interstriae

2, 4, 6, 8 and 10. Abdomen: aedeagus (Fig.

16) constricted in distal Vs, narrowed to

bluntly rounded apex; endophallus with

median sclerite long, slender, spatulate, lat-

eral sclerites shorter, slender. Legs: profem-

oral tooth slender, acute, conical; protibia

with well-developed inner-marginal prom-

inence; protibial uncus short, slightly curved.

Female.—Length: 2.24-2A^ mm (mean
= 2.41, n = 4). Width: 1.28-1.44 mm (mean
= 1.40, n = 4). Rostrum: length 1.68-1.92

(mean = 1.78, n = 4) x pronotal length;

length of distal portion 42-54% (mean =

46, n = 4) of total rostral length. Legs: meta-

tibia with slight inner-marginal promi-

nence, outer margin slightly concave.

Plant associations.— Label data indicate

that a paratype of^. argocephale from Porto

Alegre, Rio Grande do Sul, Brazil, was col-

lected on Casearia sylvestris.

Distribution. —Anthonomus argocephale

is known only from the type series from

Brazil.

Anthonomus albocapitis, New Species

Figs. 5, 6, 9, 10, 11, 17

Type series.- Holotype. REPUBLICA
DOMINICANA. El Seibo: male [REPUB-
LICA Dominicana/ El Seibo: 10.5 km. E/
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Sabana de la Mar/ 11 Sept. 1983/ W. E.

Clark] [on Casearia/ sylvestris Sw./ (Fla-

courtiaceae)/ dt. S. McDaniel] [2721 3/ host]

(MHND). Paratypes. BRITISH VIRGIN
ISLANDS. Tortola: 1 male [British Virgin

Is./ Tortola, Meyers/ 18-19 Aug. 1982/ R.

S. Miller, coir.]. CUBA. 1 male [Cuba,/ G.

Wright]; 1 male [Cayamas/ 5.2 Cuba] [EA

Schwarz/ Collector]; 2 males, 2 females

[Cayamas/ 24.2 Cuba] [EA Schwarz/ Col-

lector]; 1 male, 1 female [Cayamas/ 26.2

Cuba] [EA Schwarz/ Collector]; 1 male

[Cayamas/ 2.3 Cuba] [EA Schwarz/ Collec-

tor]; 1 female [Cayamas/ 4.3 Cuba] [EA
Schwarz/ Collector]; 1 female [Cayamas/ 4.3

Cuba] [EA Schwarz/ Collector] [404.]; 1 fe-

male [Cayamas/ 6.3 Cuba] [EA Schwarz/

Collector]. Camaguey: 1 male [CUBA:
Monte Imias/ nr. California,/ Camaguey
Prov./ June 7, 1 959/ M. W. Sanderson/ C59-

20]. HAITI, ilede la Tortue: 1 male [Tortue

Isl./ Haiti EC&/ GM Leonard] [Bisse Terre/

Apr. 29/ #20]. REPUBLICA DOMINI-
CANA. El Seibo: 1 3 males, 1 5 females [RE-

PUBLICA Dominicana/ El Seibo: 10.5 km.

E/ Sabana de la Mar/ 1 1 Sept. 1983/ W. E.

Clark]. Santiago: 1 male [fthills Cord. Cent./

S. of Santiago/ June '38, Dom. Rep./ Dar-

lington]. PUERTO RICO. 1 female [Por-

torico/ Krug S. G.] [259./ Anthonomus./

Germ.] [Zool. Mus./ Berlin]; 1 female [Por-

torico/ Krug S. G.]. Aguadilla: 1 male

[Aguadilla/ P.R. 6-26-50/ Faraemea/ occi-

dentahs] [Stringer/ San Juan/ 10,279/ 5G-

15661] [Anthonomus/ sp./ REW/ 11-51]; 1

female [PUERTO RICO/ Barriomora,/ Is-

abella, VIII-4-58/ A. F. A. Sanderson]. Are-

cibo: 2 males [PUERTO RICO:/ Camba-
lache For./ Arecibo/ XI-6-1959/ A. M.
Nadler]. Guayama: 1 female [Aibonito,

P.R./ July 14-17, '14]. Mayagiiez: 2 males

[Mayaguez, P.R./ VI-2-1932/ Coll: F. Mora]

[Stuart/ T. Danforth/ Collection]; 1 male, 1

female [Mayaguez, P.R./ VI-4-1932/ Coll:

F. Mora] [Stuart/ T. Danforth/ Collection];

1 male [Mayaguez, P.R./ July 24-29, '14]

[Anthonomini]. Ponce: 1 female [5 mi. N.

E. Jayuya/ P.R. VII 23, 1 969/ H. & A. How-
den]. Total paratypes, 57 (AMNH, AUEM,
CWOB, MCZC, MHND, TAMU, USNM,
ZMHB).

Recognition characters (Figs. 5, 6).—An-
thonomus albocapitis is distinguished from

the other members of the A. guttatus group

by the following combination of characters:

Elytra (Figs. 5, 6) glabrous between median
and declivital patches ofbroad, pallid scales

on interstriae 2 and 4, with significant an-

terior and declivital patches of pallid scales

on interstriae 3 and 5, and with anterior

patch on interstria 7; metatibia ofmale (Fig.

13) with inner-marginal prominence dis-

placed distally; scales on vertex of head dis-

tinctly narrower than scales around dorsal

margins of eyes and on frons.

MdiXQ.—Length: 2.04-2.64 mm (mean =

2.30, n = 10). Width: 1.02-1.44 mm (mean
= 1.24, n = 10). Head: with short, broad,

lacteous scales around dorsal margins ofeyes

and on frons; eyes prominent, separated by

distance approximately 0.7 x width of ros-

trum at base. Rostrum: length 1.41-1.58

(mean = 1.48, n = 10) x pronotal length;

distal portion 31-38% (mean -- 36, n = 10)

Figs. 9, 10. Anthonomus albocapitis. abdominal terga, dorsal view. 9. terga 7 and 8 (pygidium), <5 holotype;

10. tergum 7 (pygidium), 2 paralype, 10.5 km E Sabana de la Mar, El Seibo, Republica Dominicana.

Figs. 11-14. /l«//?o«omw5 ^??a/M5 group members, 3 right metathoracic legs, posterior views. W. A. guttatus,

Turrialba, Cartage, Costa Rica; 12. A. argocephale, holotype; 13. A. albocapitis. holotype; 14. A. leucocephale.

holotype.

Figs. 15-18. Anthonomus guttatus group members, aedeagus, dorsal views. 15. A. guttatus, Turrialba, Car-

tago, Costa Rica; 16. A. argocephale, holotype; 17. A. albocapitis, holotype; 18. A. leucocephale, holotype.
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of total rostral length. Prothorax: interspac-

es between punctures narrow; broad scales

forming small anterolateral patches, present

on lower portion of pleuron. Elytra: leucine

scales short, dense in median patch on in-

terstria 2, in anteromedian row of patches

on interstriae 4-8, and in declivital fascia

across interstriae 2-10; median patches on

even-numbered interstriae longer than

patches on odd-numbered interstriae; sec-

tions of declivital fascia on interstriae 4 and

5 longer than sections on other interstriae.

Abdomen: aedeagus (Fig. 17) slightly wid-

ened in distal '/s, narrowed to subtruncate

apex; endophallus (Fig. 17) with median
sclerite short, slender, lateral sclerites long.

Legs: profemoral tooth conical, acute; pro-

tibia with well-developed inner-marginal

prominence; protibial uncus with slight bas-

al prominence, nearly straight.

YQvndAt.— Length: 2.32-3.04 mm (mean
= 2.56,n= 10). H^zV///?.- 1.24-1.70mm (mean
= 1.42, n = 10). Rostrum: length 1.50-1.70

(mean = 1.59, n = 10) x pronotal length;

length of distal portion 38-52% (mean =

46, n = 10) of total rostral length. Abdomen:
pygidium with shallow apicodorsal depres-

sion. Legs: metatibia nearly straight.

Plant associations.— Specimens of .4. al-

bocapitis were collected at the type locality

on Casearia sylvestris. Label data on a para-

type from Aguadilla, Puerto Rico, indicate

that the specimen was collected on Faramea
occidentalis.

Distribution. —Anthonomus albocapitis

is known from the type series from the West
Indian islands of Cuba, Hispaiiola, Puerto

Rico and Tortola.

Anthonomus leucocephale, New Species

Figs. 7, 8, 14, 18

Type series. — Holotype. CUBA, male
[Cayamas/ 10.6 Cuba] [EA Schwarz/ Col-

lector] (USNM). Paratype. 1 female [Cuba]

[Wickham/ Collection/ 1933] (USNM).
Recognition characters (Figs. 7, 8).—The

near absence of an inner-marginal metatib-

ial prominence in the male (Fig. 14), the

narrower, more strongly tapered aedeagus

(Fig. 18), and the different relative lengths

of the endophallic sclerites (the median
sclerite is much longer and the lateral scler-

ites are much shorter in A. leucocephale, cf.

Figs. 17, 18) distinguish /I. leucocephale from

A. albocapitis. The two species are obvi-

ously very closely allied. Although the

metatibial prominence is only feebly de-

veloped in A. leucocephale, the slight prom-
inence that does exist is in the same unique

position as that in A. albocapitis. It is no-

table that the metatibial prominence is less

well developed in Cuban specimens of A.

albocapitis than in the other specimens in

the type series. Furthermore, the patches of

pallid scales on the elytra, though less ex-

tensive in A. leucocephale, are arranged in

the same pattern as the ones in ^4. albocapitis

(cf Figs. 5-8). Similarly, the aedeagus,

though narrower in A. leucocephale, has es-

sentially the same form as that in A. albo-

capitis {cf. Figs. 17, 18).

Male.— Length: 1.96 mm (n = 1). Width:

1.02 mm (n = 1). Head: eyes prominent,

separated by distance approximately 0.8 x

width of rostrum at base. Rostrum: length

1.17 (n = 1) X pronotal length; distal por-

tion 32% (n = 1) of total rostral length. Pro-

thorax: interspaces between punctures

broad, convex; broad scales present on low-

er portion of pleuron. Elytra: leucine scales

short, dense in median patch on interstria

2, in anteromedian row of patches on in-

terstriae 4-8, and in declivital fascia across

interstriae 2-10; median patches on even-

numbered interstriae longer than patches on

odd-numbered interstriae; sections of de-

clivital fascia on interstriae 4 and 5 longer

than sections on other interstriae. Abdomen:
aedeagus (Fig. 1 8) narrowed to subtruncate

apex; endophallus (Fig. 18) with median

sclerite long, slender, lateral sclerites short.

Legs: profemoral tooth conical, acute; pro-

tibia with inner-marginal prominence fee-

bly developed; protibial uncus slender,

curved, acute.
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Female.—Length: 2.04 mm (n = 1).

Width: 1.16 mm (n = 1). Rostrum: length

1.34 (n = 1) X pronotal length; length of

distal portion 4 1% (n = 1 ) of total rostral

length. Legs: metatibia nearly straight.

Plant associations.—Unknown.
Distribution. —Anthonomus leucocephale

is known from the type series from Cuba.
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NEW WORLD CNEMOGONINI (COLEOPTERA: CURCULIONIDAE).
NEW SPECIES, NEW COMBINATIONS AND A

TYPE SPECIES DESIGNATION

Enzo Colonnelli

USDA-ARS Biological Control of Weeds Laboratory— Europe, via Gastone Monaldi,

34-00128 Rome, Italy.

Abstract.—Two new species of weevils from Arizona are described and illustrated:

Auleutes donaldi and Orchestomerus whiteheadi. Orchestomerus Dietz is removed from
synonymy of Hypocoeliodes Faust. New combinations are: Orchestomerus bicarinatus

(Champion), O. chiriquensis (Champion), O. gibbicollis (Champion), O. modestus (Mus-

tache), O. phytobioides (Champion), O. pleurostigma (Faust), O. suturalis (Mustache), O.

ulkei Dietz, O. wickhami Dietz, all from Hypocoeliodes. The type species o{Orchestomerus,

O. wickhami Dietz, is designated. Auleutes marionis Fall is newly placed in synonymy
with Orchestomerus ulkei.

Key Words: Coleoptera, Curculionidae, Arizona, new combinations, new synonymy

The tribe Cnemogonini Colonnelli, 1 979,

comprising 1 2 genera and 1 1 6 species (Co-

lonnelU 1979, O'Brien and Wibmer 1982,

Wibmer and O'Brien 1986), is the only tribe

in the subfamily Ceutorhynchinae whose

distribution is mainly in the New World;

the genera /I w^5/z>2W5 Korotyaev, 1981 (10

species) and Phytobiomorphus Wagner, 1937

(2 species), both from east Asia, and the

holarctic Auleutes epilobii (Paykull, 1800)

are not known to occur in the Western

Memisphere. The Cnemogonini are in need

of revision, and a paper on the taxonomy
of this tribe with descriptions ofnew genera

and new species is in preparation. It is not

my intention h'^re to attempt the resolution

of the many phylogenetic problems still

open; I take today the opportunity to pay

homage to the memory of my good col-

league and an outstanding taxonomist. Dr.

Donald R. Whitehead, naming after him
two new species from Arizona, one ofwhich

was submitted to me, with a label "?Cra-

ponius n. sp.," by Donald himselfsome time

ago.

Auleutes donaldi, New Species

Molotype male. — Length: 2.67 mm.
Width: 1.78 mm. Pitchy-brown, somewhat
shining; antenna (club excepted), tarsi and
tibial mucros reddish brown. Upper surface

with sparse intermixed blackish and white

semi-erect hairlike scales and white appli-

cate narrowly lanceolate scales; the latter

form an undulate fascia just before the mid-

dle of the elytra and are condensed into a

periscutellar spot and a few scattered spots

in the posterior half of the elytra. Whitish

sparse lanceolate recumbent scales on under

surface. Rostrum 0.75 times shorter than

prothorax, gently curved, coarsely punc-

tured, and with a trace of smooth longitu-

dinal carina. Antenna short, inserted just

before middle of rostrum; scape with apical

hook; funicular joint 1 much thicker than

others; joints 6 and 7 transverse; club large,

acuminate oval. Frons depressed, vertex
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Figs. 1-8. Auleutes donaldi n. sp., holotype: 1, dorsal view; 3, metatibia; 4, dorsal, 6, lateral view, 5, apex

of aedeagus. A. instabilis Champion, male from Costa Rica: 2, dorsal view; 7, dorsal and 8, lateral view of

aedeagus. Schematic drawings.

with carina. Prothorax transverse (length/

width = 0.8/1), coarsely punctured, strongly

constricted anteriorly, widest at bisinuate

base, apical margin shallowly incised at

middle and with faint trace of obtuse tu-

bercle at each side of incision; disc before

middle with two obtuse tubercles separated

by shallow furrow; lateral tubercles mod-
erately prominent. Elytra slightly transverse

(1/w = 0.94/1), widest just behind humeri;

humeral and preapical calli not very prom-

inent. Striae formed by large deep punc-

tures, each ofwhich bears a thin recumbent

seta. Intervals not much wider than striae,

the odd-numbered intervals more raised and

wider than the others. Legs slender; femora

unarmed, tibia almost straight, meso and

metatibia with obvious spinelike mucro;

tarsi slender; claws bifid. Rostral channel

very deep, base ofmetastemum emarginate;

abdominal segment 5 with shallow central

fovea. Aedeagus: Figs. 4, 5 and 6. See also

Figs. 1 and 3.

Paratypes.— Males are very similar to the

holotype. Females differ in the absence of

tibial mucros and abdominal fovea; their

rostrum is moreover much smoother in its

apical half. One specimen, slightly imma-
ture, has integumental color reddish brown.

Length: 2.66-2.70 mm.
Type series.— Holotype S: Arizona, Santa

Rita Mts., Madera Canyon, Bog Springs

Campground, 5000', 24.VIII.1988, coll. R.

Baranowsky, by evening sweeping in oak

forest. Paratypes: same data as holotype, 1

9; Madera Canyon near Bog Springs Camp-
ground, 5000', 22.VIII.1988, 4 5 and 2 9,

coll. R. Baranowsky, by sweeping in mixed

forest. Holotype and 4 paratypes in the Mu-
seum of the University, Lund; 1 paratype

in the U.S. National Museum, Washington,

D.C.; 2 in the author's collection, Rome.
KQVi\^x\is.—Auleutes donaldi is quite iso-

lated among the species of the genus. It ex-

hibits only a superficial similarity with A.

curvipes Dietz, 1896 from Texas; the single

male specimen at present known of the lat-

ter has however the fore tibia curved and

bearing a small hook at its inner apical an-

gle, a basal longitudinal sulcus on the pro-



274 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

notum, and the white scales on the elytra

are not arranged to form a sinuate fascia

(Dietz 1896). The new species cannot be

confused with any of Auleutes described to

date; it has only a slight resemblance to the

Central American A. instabilis Champion,

1907, which has no or a very faint sulcus

on the pronotum, odd-numbered intervals

not wider than the others, only the male mid
tibia with a mucro, and a differently shaped

aedeagus (see Figs. 2, 7, 8).

Orchestomerus whiteheadi, New Species

Holotype \m\Q. — Length: 2.45 mm.
Width: 1.78 mm. Reddish brown, dull; an-

tenna and tarsi reddish. Upper surface with

white and brown recumbent hairlike scales

forming very faint irregular fascia on apical

half of elytra; velvety brown small round

scales are condensed into a periscutellar spot;

traces of the rustlike pollen which cover the

integument in living specimens are evident.

Scattered, yellowish, lanceolate, recumbent

scales on under surface. Rostrum about as

long as prothorax, slightly curved, coarsely

punctured except at apex, and with sharp

longitudinal carina. Antenna inserted 0.43

times the length of rostrum from apex of

beak; scape with apical spine; joint 1 of fu-

niculus thicker than others; joint 6 round,

7 transverse; club acuminate oval. Frons

with shallow depression, vertex finely car-

inate. Prothorax transverse (1/w = 0.75/1),

coarsely punctured, constricted in front,

widest just before sinuate base, apical mar-

gin shallowly incised at middle, the incision

limited at each side by obtuse tubercle; disc

convex, two central obtuse tubercles sepa-

rated by longitudinal complete furrow, lat-

eral tubercles prominent. Elytra transverse

(1/w = 0.875/1), widest just behind promi-

nent humeral calli, preapical tubercles very

faint. Striae with deep punctures each bear-

ing a recumbent extremely thin seta. Inter-

vals wider than striae; odd-numbered in-

tervals wider than others; interval 3 with

elongate tubercle just before middle; 5 with

similar elevation starting just behind base;

tubercle of interval 7 situated in basal third

of the elytra. Legs short; femora unarmed;

fore and middle tibia angulate at base, mid-

dle tibia with obvious apical mucro, very

small apical hook ofhind tibia very difficult

to see. Rostral channel deep on prostemum
and mesostemum, metasteraal excavation

broad and shallow; segment 5 of abdomen
with shallow central fovea. Aedeagus: Figs.

22, 23 and 24; see also Fig. 13.

Paratypes.—The general appearance ofthe

males does not differ from that of the ho-

lotype. Females differ in their abdomen be-

ing uniformly convex and their tibiae lack-

ing apical mucros. The reddish brown
integumental color can be more or less dark,

independently from the degree of matura-

tion ofthe specimen. Length: lAA-1.19 mm.
See also Figs. 14, 18, 20, 31 and 33.

Type series.— Holotype S: Arizona, Santa

Rita Mts., 10. VI, coll. Hubbard and
Schwarz. Paratypes: same data as holotype,

7 (5 and 2 9; same locality, 20.V, 2 3 and 1

9; 21.V, 1 <5; 27.V, 1 3; 29.V, 1 $\ 30.V, 1 9;

3 1 .V, 4 3 and 2 9; 5.VI, 3 9; 9.VI, 1 <3; 1 4.VI,

1 3; 15.VI, 1 3 and 1 9; 21.VI, 1 9, coll.

Hubbard and Schwarz. Arizona, Chiricahua

Mts., l.VII, 1 9, coll. Hubbard and Schwarz;

Chiricahua Mts., 6200', 20.VI. 1 926, 1 3, coll.

A. A. Nichol. Arizona, Santa Catalina Mts.,

5000', 7.VI.1926, 1 3, coll. A. A. Nichol.

Holotype and 25 paratypes in the U.S. Na-

tional Museum, Washington, D.C.; 8 in the

author's collection, Rome.
Remarks. — Champion (1907) synony-

mized Hypocoeliodes Faust, 1896, type spe-

cies H. coronatus Faust designated by

Champion (1907) (Wibmer and O'Brien

1986) and Orchestomerus Dietz, 1896, type

species by present designation O. wickhami

Dietz, 1 986. Study ofabout 3000 specimens

and ofmost ofthe types ofthe Cnemogonini

(as a part of the revision of the tribe now
in progress) revealed that this synonymy is

incorrect. Although both genera are unde-

niably closely related, diagnostic characters

for Orchestomerus (resurrected name) are
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Figs. 9-21. Hypocoeliodes coronatus Faust, male from Venezuela: 9, lateral view of pronotum and head; 12,

left front femur; 10, lateral and 11, dorsal view of aedeagus. Orchestomerus whiteheadi n. sp., holotype: 13, left

front femur. O. whiteheadi, paratypes: 14, dorsal view; 18, lateral view of pronotum and head; 20, head and

rostrum. O. chiriquensis Champion from Chiapas, Mexico: 15, dorsal view; 19, lateral view of pronotum and

head. O. ulkei Dietz from North Carolina: 16, dorsal view; 21, head and rostrum. O. wickhami Dietz from

Texas: 17, dorsal view. Schematic drawings.

the unarmed femora, the lack of obvious

punctures on the sides of the prothorax, and

the ligulate apex of the aedeagus (Figs. 13,

18, 19, 22-30). In Hypocoeliodes \\iQ femora

are toothed (in some species very feebly),

the sides ofthe pronotum show obvious deep

punctures much larger than the coarse punc-

tation which covers the rest of the protho-

rax, and the aedeagus exhibits a broadly

truncated apex (Figs. 9-12). In addition, the

size of most species of Hypocoeliodes is

greater and the integumental color is darker

than those oi Orchestomerus. An alphabetic

list of all the hitherto described species be-

longing to Orchestomerus (all are new com-

binations from Hypocoeliodes) follows: O.

bicarinatus (Champion, 1907), O. chiri-

quensis (Champion, 1907), O. gibbicollis
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22 23

28 29

Figs. 22-34. Orchestomerus whiteheadi, holotype: 22, lateral, 23, dorsal view, 24, apex of aedeagus. O.

whiteheadi. paratypes: 31, tarsus; 33, male hind tibia. O. chiriquensis: 25, lateral, 26, dorsal view, 27, apex of

aedeagus; 32, tarsus. O. ulkei: 28, lateral, 29, dorsal, 30, apex of aedeagus; 34, male hind tibia. Schematic

drawings.

(Champion, 1907), O. modestus {Hustache,

1947), O. phytohioides (Champion, 1907),

O. pleuwstigma (Faust, 1896), O. sutiiralis

(Mustache, 1947), O. ulkei Dietz, 1896 (=

Auleutes marionis Fall, 1913; new synony-

my), and O. wickhami Dietz, 1896. For the

distribution ofthese species see O'Brien and
Wibmer (1982) and Wibmer and O'Brien

(1986).

The new species is closely related to the

Central American O. chiriquensis, from

which it can be differentiated by the shorter

rostrum, the shallow incision of the fore

margin of the pronotum, the broader third

joint of the tarsus, and the different shape

of the aedeagus (Figs. 14, 15, 18, 19, 22-

27). O. whiteheadi cannot be confused with

any other Orchestomerus so far described.

In particular it is easily separated from the

North American O. ulkei by the reddish

brown rather than piceous integumental

color, the thicker rostrum, the lack of an

evident acute mucro at the inner apical an-

gle of the male metatibia, and the different

shape of the aedeagus (Figs. 14, 16, 20, 21,

22-24, 28-30, 33, 34). Study of quite a long

series of specimens from the eastern United

States revealed that Auleutes marionis Fall

is a synonym of O. ulkei Dietz. Although I

have not examined the type specimens (both

species were described on the basis of one

specimen each), I have no doubt in pro-

posing the synonymy. The compressed an-

tennal joints of the species do not allow easy

observation of the separation between the

third and fourth joint when the antenna is

examined from its compressed side. The
other North American species, O. wick-

hami, from Texas is smaller, its integument

is reddish (at least on elytra), the recumbent

scales of the prothorax and elytra are nu-

merous and white, the inner tubercles of the

pronotum are in the form of an oblique ca-

rina (Fig. 1 7), and the male middle and hind

tibia have a minute hook at their inner api-

cal angles (Dietz 1 896).
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CLADISTIC ANALYSIS OF PRIOCYPHIS MUSTACHE AND
RELATED GENERA (COLEOPTERA: CURCULIONIDAE)

Analia a. Lanteri and Juan J. Morrone

Division Entomologia and Laboratorio de Sistematica y Biologia Evolutiva, Museo de

La Plata, Paseo del Bosque, 1 900 La Plata, Argentina.

Abstract.— T\\h paper presents the cladistic analysis and relationships of Priocyphus

Hustache and related genera to test their monophyly and determines the taxonomic

placement of some critical species. The cladistic analysis was carried out using 45 trans-

formation series from the external morphology (including mouthparts) and male and

female genitalia. Polarity decisions were based on the outgroup comparison with the genera

Thoracocyphus Emden and Lamprocyphus Marshall. The most parsimonious cladogram

obtained shows the following phylogenetic sequence: Lamprocyphopsis Lanteri [L. viri-

dinitens (Kuschel) and L. paraguayensis Lanteri], Priocyphopsis Lanteri [P. humehdens
(Hustache)], Mendozella Hustache [M. curvispinis (Hustache)], Cyrtomon Schoenherr [C.

hirsutus (Hustache) nov. comb, C. ovalipennis (Hustache), C glaucus (Bovie), and C gibber

species group Lanteri], and Priocyphus Hustache {P. bosqi species group Lanteri and P.

inops species group Lanteri). Characters from the female and male genitalia are the most

important to elucidate the relationships of the taxa under study.

Key Words: Cladistic analysis, Priocyphus, Cyrtomon, Priocyphopsis, Lamprocyphopsis,

Mendozella, Curculionidae, Naupactini

The genus Priocyphus Hustache belongs

to the tribe Naupactini and is restricted to

the grasslands and savannahs of the Cha-

coan domain {sensu Cabrera and Willink

1973) from Paraguay to central Argentina.

This genus was established by Hustache

(1939) and included three species, P. bosqi

Hustache 1939, P. hirsutus Hustache 1939

and P. humeridens (Hustache 1926) (trans-

ferred from Trichocyphus Heller). Kuschel

(1950) described Priocyphus inops, C. hus-

tachei, and P. viridinitens. He also added
two species originally assigned to Neocy-

phus Bovie (= Cyrtomon Schoenherr and

Cyphus Germar), P. glaucus (Bovie 1907)

and P. ovalipennis (Hustache 1938).

Lanteri (1990a) hypothesized that Prio-

cyphus sensu Kuschel (1950) was not nat-

ural and split the group into three genera:

Priocyphus {Priocyphus bosqi, P. hustachei,

P. inops, and P. kuscheli Lanteri, 1990),

Priocyphopsis {Priocyphopsis humeridens

and P. hirsutus), and Lamprocyphopsis
{Lamprocyphopsis viridinitens and L. par-

aguayensis Lanteri, 1990a). Moreover, she

placed P. glaucus and P. ovalipennis again

in Cyrtomon (Lanteri 1990b) and suggested

that the genus Mendozella Hustache is re-

lated to both Priocyphus and Cyrtomon

(Lanteri 1989).

We consider the genera Lamprocyphop-

sis, Priocyphopsis, Mendozella, Cyrtomon
{sensu Lanteri 1990b), and Priocyphus {sen-

su Lanteri 1990a) to be a monophyletic

group (Figs. 1-5). Synapomorphies that jus-

tify this group are as follows:
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Figs. 1-5. Female, dorsal view. 1, Lamprocyphopsis viridinitens (Kuschel); 2, Priocyphopsis humehdens

(Mustache); 3, Mendozella curvispinis (Hustache); 4, Cyrtomon gibber (Pallas); 5, Priocyphus bosqi Huslache.

-maxillae with subrectangular mala, hav-

ing long lacinial teeth, and with truncate-

conical palpal article 3;

-dorsal comb of hind tibiae as long as to

longer than apical comb; and

-sclerites in the internal sac present.

The relationships and monophyly of these

genera are uncertain, as well as the place-

ment ofsome critical species {Priocyphopsis

hirsutus, Cyrtomon glaucus, and C. ovali-

pennis). A cladistic analysis seems to be the

most appropriate resolution to these prob-

lems and to developing a phylogenetic clas-

sification of the group.

Materials and Methods

The study was based on the revisionary

works of Lanteri (1989, 1990a, b), and the

examination of specimens borrowed from

the following collections:

CWOB Charles W. O'Brien Collection,

Tallahassee, Florida, USA
DZUP Departamento de Zoologia da

Universidade Federal do Parana,

Curitiba, Brazil

FIML Fundacion e Instituto Miguel

Lillo, San Miguel de Tucuman,
gentina

MACN Museo Argentino de Ciencias Na-
turales Bernardino Rivadavia,

Buenos Aires, Argentina

MLPC Museo de La Plata, La Plata, Ar-

gentina

MZSP Museu de Zoologia da Univer-

sidade de S. Paulo, S. Paulo, Bra-

zil

MNHN Museum National d'Histoire

Naturelle, Paris, France

NZAC New Zealand Arthropod Collec-

tion, Auckland, New Zealand

The cladistic methodology here applied

is summarized in Nelson and Platnick

(1981), and Wiley (1981).

Terminal taxa.—We selected nine ter-

minal units (Table 1): the genus Lampro-
cyphopsis, Cyrtomon gibber species group,

Priocyphus bosqi and P. inops species groups,

and the single species Mendozella curvi-

spinis, Priocyphopsis humeridens, P. hirsu-

tus, Cyrtomon glaucus, and C ovalipennis.

Lamprocyphopsis is a very homogeneous
genus, including two species. Cyrtomon gib-

ber species group comprises four taxa (Lan-

teri 1990b), that according to Kuschel (1958)

should be considered as a single species. The
two species groups of Priocyphus are ho-

mogeneous and clearly monophyletic (Lan-

teri 1990a). Mendozella is a monotypic ge-

nus. The two species of the genus

Priocyphopsis were considered as separate

units because P. hirsutus has a doubtful tax-

onomic placement; this species was origi-

nally described in Priocyphus (Hustache

1939) and tentatively assigned to Priocy-

phopsis (Lanteri 1 990a). Cyrtomon glaucus

and C. ovalipennis are critical species that
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Table 1 . Terminal units, including species and geographical distribution.

Species Groups Species Geographical Distnbulion

I Cyrtomon gibber

species group Lanteri 1990b

2 Cyrtomon glaucus

(Bovie 1907)

3 Cyrtomon ovalipennis

(Hustache 1938)

4 Lamprocyphopsis

Lanteri 1990a

5 Mendozella curvisplnis

(Hustache 1926)

6 Priocyphopsis hirsutus

(Hustache 1939)

7 Priocyphopsis humeridens

(Hustache 1926)

8 Priocyphus bosqi

species group Lanteri 1 990a

9 Priocyphus inops

species group Lanteri 1990a

C gibber {Pallas 1781)

C /wr/a'w5 (Boheman 1840)

C. pistor (Boheman 1833)

C. inhalatus (Germar 1824)

L. viridinitens (Kuschel 1950)

L. paraguayensis Lanteri 1990a

P. ^705^/ Hustache 1939

P. hustachei YMSchtl 1950

P. inops Kuschel 1950

P. kuscheli Lanteri 1 990a

From central-eastern Brazil to Bo-

livia, Paraguay, and central Ar-

gentina.

Central-eastern Argentina.

Central-northern Argentina.

Northeastern Argentina and Para-

guay.

Central-western Argeiitina.

Central-western Argentina.

Northwestern Argentina.

Central Argentina.

Northeastern Argentina and Para-

guay.

were described in Cyphus and Neocyphus,

transferred to Priocyphus (Kuschel 1950),

and included in Cyrtomon (Lanteri 1990b).

Transformation series.—A detailed mor-
phological study indicated 45 transforma-

tion series, 29 from the external morphol-

ogy (head, mouthparts, pronotum, elytra,

and tibiae) and 1 6 from the genitalia (ster-

num 8 of female, ovipositor, spermatheca,

and aedeagus). Morphometric features with

overlapping ranges and characters variable

within a taxon were excluded.

Male and female genitalia were not eval-

uated in much detail or were ignored by

earlier specialists (e.g. Germar 1824,

Schoenherr 1833, Marshall 1922, Emden
1936, Hustache 1939, Kuschel 1950). The
last revisionary works (Lanteri 1989, 1990a,

b) considered them for diagnosing the gen-

era of the group under study. Recent con-

tributions (Diaz et al. 1990a, b) showed the

importance of mouthparts to separate some
taxa of the group, and several characters

from this source were incorporated in this

analysis.

Identification of apomorphic characters

was based on the outgroup comparison

(Watrous and Wheeler 1981) with Thora-

chocyphus Emden as the first outgroup and

Lamprocyphus Marshall as the second out-

group.

Binary coding was applied, except for

twelve transformation series with more than

one apomorphic character. Seven of these

series (1, 7, 9, 15, 16, 22, 39, and 44) were

treated as additive, and five (3, 22, 31, 40,

and 43) as non-additive.

The transformation series and characters

are listed in Table 2.

In the data matrix (Table 3), plesio-

morphic characters were coded with 0, apo-

morphic ones with numbers 1 and 2 (ad-

ditive) or letters a, b, and c (non-additive),

and unknown characters with question

marks.

Data analysis.— The data set was ana-

lyzed using the phylogenetic program
HENNIG86 version 1.5 (Harris 1988), ap-

plying the implicit enumeration option. The
consistency (Kluge and Farris 1969) and re-

tention (Farris 1989) indices were calculat-

ed excluding autapomorphies.
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Table 2. Series of transformation and characters.

Plesiomorphic Characters (0) Apomorphic Characters (1, 2, or a. b, c)

1 Rostrum not truncate-conical.

2 Rostral groove narrow to moderately wide.

3 Rostral lateral carinae indistinct.

4 Scrobes extending below eyes.

5 Preocular depression distinct.

6 Supraocular lobes absent.

7 Eyes strongly convex.

8 Antennae robust.

9 Scape not reaching hind margin of eyes.

10 Funicular article 2 longer than 1.

1

1

Mandibular pharyngeal process short and

wide.

12 Maxillary mala suboval, with short lacinial

teeth.

1

3

Article 3 of maxillary palpus subcylindrical.

14 Prementum hexagonal.

15 Prementum with 15-25 short fine setae.

16 Disc of pronotum flat to depressed, lacking

groove.

1

7

Disc of pronotum rugose.

1

8

Pronotum lacking lateral tubercles.

19 Base of pronotum not to slightly thickened.

20 Base of pronotum and elytra bisinuate.

2

1

Humeri strongly prominent.

22 Humeri not tuberculate.

23 Elytral declivity not abrupt.

24 Supernumerary striae of even intervals ab-

sent.

25 Elytral setae recumbent.

26 Elytral scales round to round-oval.

27 Tibial denticles present.

28 Number of tibial denticles 6-13.

29 Dorsal comb of hind tibiae shorter than api-

cal comb.

30 Female sternum 8 elongate.

31 Apodeme of sternum 8 1.25-2.5 x as long

as plate.

32 Ovipositor lacking sclerotized dorsal plates.

33 Coxites of ovipositor slightly sclerotized.

34 Membrane between coxites with three folds.

35 Styli not concealed by coxites.

36 Spermatheca subglobose.

37 Nodulus of spermatheca truncate-conical.

38 Nodulus of spermatheca short.

slightly truncate-conical (WF/WR = 1.15-1.45) (1).

moderately truncate-conical (WF/WR = 1.50-1.65) (2).

very wide (1).

distinct, reaching fore margin of eyes (a).

distinct, reaching hind margin of eyes (b).

evanescent (1).

indistinct (1).

present (1).

slightly to moderately convex (1).

flat (2).

slender (1).

reaching or slightly exceeding hind margin of eyes (1).

largely exceeding hind margin of eyes (2).

about as long as 1 (1).

long and narrow (1).

subrectangular, with long lacinial teeth (1).

truncate-conical (1).

subcircular (1).

with less than 1 1 long coarse setae (1).

lacking setae (2).

convex, with distinct groove (1).

smooth (1).

with lateral tubercles ( 1 ).

conspicuously thickened (1).

straight (1).

moderately to slightly prominent (1).

moderately tuberculate postero-laterally (a).

moderately tuberculate antero-laterally (b).

strongly tuberculate antero-laterally (c).

abrupt (1).

present ( 1 ).

erect (1).

lanceolate (1).

absent (1).

4-5 (1).

as long as, to longer than apical comb (1).

transversal (1).

about as long as plate (a).

about 3.5 X as long as plate (b).

with a pair of sclerotized dorsal plates (1).

strongly sclerotized (1).

with several folds ( 1 ).

concealed by coxites (1).

subcylindrical (1).

tubular (1).

medium-length (1).

long (2).
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Table 2. Continued.

Plesiomorphic Characters (0) Apomorphic Characters ( 1 , 2, or a, b, c)

39 Nodulus of spermatheca not curved.

40 Spermathecal duct shorter than abdomen.

4

1

Spermathecal duct fine (narrower than nod-

ulus at apex).

42 Spermathecal duct membranous.

43 Apex of aedeagus acute.

slightly curved (1).

strongly curved (2).

twice as long as abdomen (a).

as long as spermatheca (b).

moderately to very wide (wider than nodulus at apex) (1).

sclerotized ( 1 ).

truncate (a),

arrow-pointed (b).

44 Aedeagal apodemes shorter than aedeagus. as long as aedeagus (1).

longer than aedeagus (2).

45 Sclerites of internal sac inconspicuous. conspicuous (1).

Results and Discussion

A single most parsimonious cladogram

was obtained (Fig. 6), with 65 steps, a con-

sistency index of0.72, and a retention index

ofO.74.

The relationship between the outgroup

Thoracocyphus and the group under study

is based on the synapomorphies "disc of

pronotum convex, with distinct groove"

(16), "coxites of ovipositor strongly scler-

otized" (33), and "style concealed by cox-

ites" (35).

The monophyly ofPriocyphus and related

genera is justified by the synapomorphies

"antennae slender" (8), "scape reaching or

slightly exceeding hind margin ofeyes" (9. 1 ),

"maxillary mala subrectangular, with long

lacinial teeth" (12), "article 3 of maxillary

palpus truncate-conical" (13), "prementum
lacking setae" (15.2), "dorsal comb of hind

tibiae as long as to longer than apical comb"

(29), and "sclerites of internal sac conspic-

uous" (45). Lamprocyphopsis is the sister

genus to the remaining taxa, which form a

clade based on the synapomorphies "ros-

trum slightly truncate-conical" (1.1),

"scrobes evanescent" (4), "preocular de-

pression indistinct" (5), "humeri moderate-

ly to slightly prominent" (21), "spermathe-

ca subcylindrical" (36), "spermathecal duct

moderately to very wide" (41), "sperma-

thecal duct sclerotized" (42), and "aedeagal

apodemes as long as aedeagus" (44. 1). Prio-

cyphopsis is the sister genus to Mendozella,

Table 3. Data matrix.

Lamprocyphus

Thoracocyphus

Cyrtomon gibber species group

Cyrtomon glaucus

Cyrtomon ovalipennis

Lamprocyphopsis

Mendozella

Priocyphopsis hirsutus

Priocyphopsis humeridens

Priocyphus bosgi species group

Priocyphus inops species group

000000000000000000000000000000000000000000000

0000000000 1 0000 1 1 OOOaOOO 1 0000a 1101 0000000000

0001 101 1201 1 10100000001 1000010000001 121al Ibl

1

1 101 101 1201 1 101 1 lOOOlOlOOOOOlObOOOOl 121al Ibl 1

1001 101 1201 1 101 100001000000010000001 1 1 lal Ibl 1

0000000 1 20 1 1 1 02 1 000000 1 00000 1 1 aO 1 1 1 OOOOOOOaO

1

1001 1 1 1 12001 1 1 1 lOOOOlcOOlOOOlOOOlOl lOlOal Ibl 1

lOal 101 1 10?????100001000100010000001 121al 1 ???

20bl 1001 1001 102100101b000001 1000101 100001 1021

lOal 1021 1 101 101 10001 100000001000101 1 12101 Ibl 1

2001 1021 11?????01001 1010001 71000101 1122b01???
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Fig. 6. Most parsimonious cladogram. — : apomorphies; =: parallelisms; *: reversals.

Cyrtomon, and Priocyphus; these three gen-

era share the apomorphies "eyes slightly to

moderately convex" (7.1), "prementum with

less than 11 coarse setae" (15.1), "nodulss

of spermatheca medium-length" (38.1),

"spermathecal duct twice as long as abdo-

men" (40. a), and "apex of aedeagus arrow-

pointed" (43. b). The taxa included in Cyr-

tomon and Priocyphus form a monophyletic

group having three synapomorphies of the
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spermatheca, "nodulus tubular" (37), "long"

(38.2), and "slightly curved" (39.1).

Cyrtomon is a monophyletic group that

is justified by the reversals "coxites of ovi-

positor slightly sclerotized" (33) and "styli

not concealed by coxites" (35), and com-
prises C. hirsutus, C. ovalipennis, C. glau-

cus, and the C. gibber species group. Cyr-

tomon ovalipennis is related to the clade C.

glaucus-C. gibber species group by the syn-

apomorphies "scape largely exceeding hind

margin ofeyes" (9.2) and "mandibular pha-

ryngeal process long and narrow" (11), with

parallel evolution in Lamprocyphopsis. The
sister taxa C glaucus and C gibber species

group share the synapomorphy "elytral de-

clivity abrupt" (23), with parallel evolution

in Lamprocyphopsis and the P. inops species

group.

Priocyphus includes the inops and bosqi

species groups. The monophyly ofthe genus

is supported by the synapomorphies "eyes

flat" (7.2), "funicular article 2 about as long

as 1 " ( 1 0), and "base ofpronotum and elytra

straight" (20).

All the terminal units are characterized

by autapomorphies.

Character 3.m\ysis.—External morphol-

ogy: Characters of the rostrum do not con-

tribute substantially to the elucidation of

relationships among the taxa under study.

The shape ofthe rostrum evolves from trun-

cate-conical to moderately truncate-coni-

cal, a change that occurs in other genera of

the tribe Naupactini, e.g. the genus Atri-

chonotus Buchanan (Lanteri and O'Brien

1990).

The eyes are slightly to moderately con-

vex in Mendozella and Cyrtomon. The
transformation has a further change in Prio-

cyphus where the eyes become flat. The most
apomorphous condition has evolved coin-

cidentally in single species of several genera

of Naupactini, e.g. Eurymetopus Schoen-

herr (Lanteri 1984), and Phacepholis Horn
(Lanteri 1990c).

The evanescent scrobes and indistinct

preocular depression are correlated char-

acters that justify the monophyly of the in-

group except Lamprocyphopsis. These char-

acters are rather uniform in the tribe

Naupactini and vary among genera or groups

of genera.

The antennae do not vary significantly

within the group under study, but help dis-

tinguish it from the outgroups. Within the

ingroup, the most conspicuous change is the

shortening of funicular article 2 in Priocy-

phus. Most Naupactini have funicular ar-

ticle 2 longer than 1, but in some genera,

such as Atrichonotus (Lanteri and O'Brien

1 990) and Eurymetopus (Lanteri 1 984) both

articles have the same length or article 1 is

slightly shorter than article 2.

The shape of the mala and palpal article

3 of the maxillae and the reduction of setae

on the labial prementum are correlated

characters that establish the monophyly of

the ingroup. The remaining characters of

mouthparts are autapomorphies ofdifferent

taxa.

Characters ofthe pronotum and elytra are

not very helpful to recognize clades within

the group under study, but are important to

characterize taxa. The humeri evolve from

strongly prominent to slightly prominent

and sometimes (Priocyphopsis and Men-
dozella) there are also tubercles. The re-

duction of humeri and the occurrence of

tubercles are apomorphic characters that

occur independently in other Naupactini,

e.g. Enoplopactus Heller (Lanteri 1 990d).

The presence of denticles on the tibiae is

the most primitive condition in the tribe

Naupactini. Within the ingroup these den-

ticles are lost in the Priocyphus inops species

group. In other genera, such as Eurymetopus

(Lanteri 1984), all species lack the tibial

denticles.

Genitalia: Sternum 8 of most Naupactini

is elongate and subrhomboidal, with the

apodeme about 2x as long as the plate.

Within the group under study, the shape of

sternum 8 ofeach taxon is slightly different,

but in Lamprocyphopsis the shape is trans-

versal and completely different. The length
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of the apodeme evolves in two opposite di-

rections, it becomes much shorter in Lam-
procyphopsis and longer in C. glaucus.

In the ovipositor, the presence of strongly

sclerotized coxites concealing styli is an

apomorphic condition that is reversed in

Cyrtomon. This condition appears indepen-

dently in other non-related genera of Nau-

pactini, e.g. Atrichonotus (Lanteri and

O'Brien \99Q),Eurymetopus{\.m\Qn 1984),

and Teratopactus (LanXevi 1981).

The spermathecal body evolves from

subglobose to subcylindrical, and the nod-

ules from subconical and short to tubular,

long, and curved. The second condition is

a clear synapomorphy at Priocyphus and

Cyrtomon. Other non-related genera of

Naupactini such as Asynonychus Crotch or

Aramigus Horn (Lanteri et al. in press) also

have tubular and long nodulus, but the sper-

mathecal shape is different. The length and

width of the spermathecal duct evolve in

two different directions, very long and wide,

and very short and narrow. In some genera

of Naupactini, e.g. Enoplopactus (Lanteri

1990d), the spermathecal duct is very uni-

form, whereas in others, e.g. Aramigus

(Lanteri et al. in press) it has a great vari-

ation.

The apex of the aedeagus arrow-pointed

is a clear synapomorphy of Mendozella,

Priocyphus, and Cyrtomon, and seems to be

correlated to apomorphic conditions of the

spermatheca. In most Naupactini, the apex

of the aedeagus is acute.

Conclusions

According to the most parsimonious

cladogram Priocyphus sensu Kuschel (1950)

is not a natural group because it does not

include either the genus Mendozella or the

Cyrtomon gibber species group. This result

corroborates the hypothesis of non-mono-
phyly that led Lanteri (1990a) to split Prio-

cyphus into three different genera.

Lamprocyphopsis was named in reference

to its similarity to Lamprocyphus (Lanteri

1990a). The cladogram obtained shows that

this similarity is due to plesiomorphic char-

acters.

Priocyphopsis sensu Lanteri ( 1 990a) is not

a natural group because P. humeridens and

P. hirsutus do not share any synapomorphy.

Therefore, this generic name is herein re-

stricted to the type species, P. humeridens.

The similarity of Priocyphopsis and Prio-

cyphus is due to plesiomorphies.

The critical species hirsutus was previ-

ously assigned to Priocyphus (Mustache

1939) and Priocyphopsis (Lanteri 1990a),

and according to the cladogram, it belongs

to Cyrtomon. The external morphology of

this species is a mosaic of characters of the

three genera, but the female genitalia de-

termine its inclusion in Cyrtomon. On the

same basis, C. ovalipennis and C. glaucus

are placed in Cyrtomon.

The results of the cladistic analysis sup-

port the hypothesis of Lanteri (1989) that

Mendozella is closely related to Cyrtomon

and Priocyphus, and that the latter two are

sister genera. Moreover, they confirm that

the male and female genitalia are essential

to elucidate the relationships among these

genera.

Since cladistics does not provide any rule

to rank the natural groups in a cladogram,

we may treat the group under study (Pr/o-

cyphus sensu ¥^\xsc\iQ\ + Mendozella + Cyr-

tomon gibber species group) as a single ge-

nus, or keep the five generic names pro-

posed until present {Lamprocyphopsis,

Priocyphopsis, Mendozella, Cyrtomon, and

Priocyphus), with the condition that C. hir-

sutus, C. ovalipennis, and C. glaucus belong

to Cyrtomon. The first alternative would

imply the recognition of a very heteroge-

neous genus, difficult to diagnose. On the

contrary, the second allows definition of

small, homogeneous, and easily identifiable

genera, with greater chance of representing

natural units.

We chose the second option because it

agrees better with the criteria applied to rec-

ognize other genera of the tribe Naupactini

(Lanteri 1989, 1 990c, d; Lanteri and O'Brien
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1990). This option disrupts the present clas-

sification as little as possible and is partic-

ularly convenient for the tribe Naupactini,

where the construction of a phylogenetic

system is still developing.

The cladistic classification proposed, ap-

plying the method of phylogenetic sequenc-

ing (Nelson, 1974), is as follows:

Genus Lamprocyphopsis Lanteri 1990a

L. viridinitens (Kuschel 1950)

L. paraguayensis Lanteri 1990a

Genus Phocyphopsis Lanteri 1990a

P. humeridens (HusXache 1926)

Genus Mendozella Hustache 1939

M. cwms/?^/^ (Hustache 1926)

Genus Cyrtomon Schoenherr 1823

C. hirsutus {IhxsXdiChQ 1939) nov. comb.

C. ovalipennis {HnsXSichQ 1938)

C glaucus (Bovie 1907)

C gibber species group

C. inhalatus (Germar 1824)

C. luridus (Boheman 1 840)

C. pistor (Boheman 1833)

C. gibber {?2i\\2iS 1781)

Genus Priocyphus Hustache

P. bosqi species group

P. ^05^/ Hustache 1939

P. hustachei Kuschel 1950

P. inops species group

P. inops Kuschel 1950

P. kuscheli Lanteri 1990a
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DISCUSSION OF THE PHYLOGENETIC POSITION OF LIXINI

{SENSU KUSCHEL) (COLEOPTERA: CURCULIONIDAE)
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Canada.

I first met Don Whitehead in December of 1980 when I visited him in Washington to

discuss a topic in weevil systematics suitable for a Ph.D. dissertation. With his help and
advice I eventually selected North American Cleoninae as the group I would study. Not

only was Don instrumental in the selection of my dissertation topic but he was also the

reviewer of the published version which appeared in 1988; his insightful and in-depth

commentary greatly improved the final product. All those who have ever discussed phylo-

genetics with Don know of his keen interest in the subject and his unique means ofdem-
onstrating relationships (he brought new meaning to the term "hand cladistics" and I

suspect was often frustrated that he only had ten fingers). I feel that it is appropriate that

the present paper, which continues to deal with the Cleoninae and their phylogenetic re-

lationships, be dedicated to his memory.

Abstract.—Tht last instar larva and pupa of Cleonidius erysimi (Fall) are described.

Larvae mine the roots and crowns of Lobularia maritima (L.) Dev., an introduced species

of Cruciferae, in southern California. Pupation takes place in the larval mines. The pres-

ence ofmandibular setae in the pupa oftraditional Adelognatha, and Lixini, Thecestemini,

Pachyrhychina (sensu Kuschel), and Ithycerus noveboracensis (Forster) suggests this char-

acter state is symplesiotypic. A review of the phylogenetic placement of Lixini (sensu

Kuschel) is confused by conflicting character state distributions.

Key Words: Curculionidae, immature stages, phylogeny

Recent systematic revision of adults of tive species), Apleurus Chevrolat (8 native

the New World weevils placed in the tribe species), and Cleonidius Casey (19 native

Cleoninaof the tribe Lixini (.s^Ai^w Kuschel) species) (Anderson 1988). Whereas phylo-

(= tribe Cleonini ofthe subfamily Cleoninae genetic relationships of Cleonis, Stephano-

in Anderson [1988]) questioned the tradi- c/coAiw^ and ^p/^wrw^ were considered to be

tional placement of all New World Cleonina with various other traditional Cleonina, re-

in the genus Cleonis Dejean (O'Brien and lationshipsofC/^o«/<y/w5 were more difficult

Wibmer 1982), and instead showed there to to firmly establish, but appeared to be with

be four rather distantly related genera rep- one or more subgenera ofthe extremely spe-

resented: Cleonis Dejean (1 introduced spe- close, geographically widespread and struc-

cies), Stephanocleonus Motschulsky (6 na- turally diverse genus Lixus Fabricius of the
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subtribe Lixina as well as with a genus of

traditional Cleonina, Cylindropterus Chev-

rolat (Anderson 1988). These relationships

were established solely on the basis of the

distribution of adult character states largely

because of the unavailability of other life

stages representative of both Old, but es-

pecially, New World species.

In a review of the immature stages of

American Curculionoidea, Burke and An-

derson (1976) noted that larvae and/or pu-

pae have been sufficiently well-described for

only the introduced Cleonis piger (Scorpoli)

and Rhinocyllus conicus (Froelich), and for

but two native species of Lixus, L. scrobi-

collis (Boheman) (Boving and Craighead

1930) and L. concavus Say (Peterson 195 1).

Immature stages of species of Apleurus,

Cleonidius, and North American Stepha-

nocleonus (an unidentified Palearctic spe-

cies was very briefly described by Scherf

[1978]) have not previously been described.

Immature stages of a number of Old World
Lixini {sensu Kuschel) have been very brief-

ly described and diagrammatically illus-

trated by Scherf (1964).

This paper describes the pupal and last

larval instars for Cleonidius erysimi (Fall)

and thus represents the first description of

the immature stages of that genus. Unfor-

tunately, few meaningful phylogenetic in-

terpretations can be made of characters of

immature Cleonidius because of the general

lack of broad taxonomic representation

within the tribe, particularly those taxa ap-

parently closely related to Cleonidius as de-

termined on the basis of adult characters.

Although nothing can be said of the phy-

logenetic relationships of Cleonidius and

other Lixini (sensu Kuschel) based on char-

acter states of the immature stages, the phy-

logenetic relationships of Lixini (sensu Kus-

chel) and other Curculionidae can be

discussed in this light.

Terms for the pupa follow those of May
(1978); for the larva, those of Anderson

(1947) and Ahmad and Burke (1972), and

May (1977) for the alimentary canal. Pupae

were examined in alcohol with a binocular

dissecting microscope. Larvae were pre-

pared for examination as in Ahmad and

Burke (1972). They were examined in gly-

cerine in depression slides with a compound
microscope with interference contrast.

Description of Last Instar Larva
Figs. 1-6

Body (Fig. 1).— Robust, slightly curved.

Asperites minute, various in degree of de-

velopment, apices acutely pointed, evenly

distributed over body except in areas sur-

rounding bases of setae and in primary folds

of body cuticle. Color creamy white except

for head (medium to dark brown), prono-

tum (pale yellowish-brown), prothoracic

pleural area and meso- and metanotal pedal

areas (very pale golden yellow).

Head (Figs. 2-5).— Free. Mouthparts di-

rected ventrally. Width ofhead capsule 1 .44-

1.59 mm (n = 4). Frontal sutures distin-

guishable throughout length, incomplete

anteriorly. Epicranial suture distinct

throughout length, length approximately

one-half length of head capsule. Anterior

ocellus small, indistinct; posterior ocellus

absent. Basal article of antenna bearing tall,

circular, cone-like accessory projection and

three or four minute setae. Endocarina dis-

tinct, approximately one-halflength of frons.

Hypopharyngeal bracon present. Frons with

five pairs fine, apically tapered, frontal setae

(fs 1-5); fs 1 slightly shorter than fs 2, 4-5

which are subequal in length; fs 3 very short.

Two pairs frontal sensillae (fsl 1-2); fsl 1

situated near midline between fs 1 and fs 2;

fsl 2 located equidistant between fs 3 and fs

4, immediately posteriad of line joining fs

3 and fs 4. Five pairs dorsal epicranial setae

(des 1-5); des 1, 3, 5 very long, tapered api-

cally, subequal in length; des 2, 4 slightly

shorter, subequal in length; des 1 situated

slightly posterolaterad of confluence of epi-

cranial and frontal sutures; des 2 situated

distinctly laterad, slightly posteriad of des

1; des 4 situated slightly posterolaterad of

des 3, des 3 situated very close to frontal
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Figs. 1-6. Last instar larva of Cleonidius erysimi (Fall). 1, lateral view of larva (scale line = 1.75 mm). 2,

frontal view of head (scale line = 0.5 mm). 3, ventral view of epipharynx (scale line = 0.1 mm). 4, dorsal view

of left mandible (scale line 0.1 mm). 5, ventral view of maxillae and labium (scale line = 0.1 mm). 6, lateral

view of alimentary canal (scale line =1.5 mm).

suture. Four pairs very small, peg-like, post-

epicranial setae (pes 1^) arranged in an arc

directed from vertex to des 2. Three pairs

dorsoepicranial sensillae (desl 1-3); desl 1

situated posteriad of des 1, slightly anteriad

of pes 1 ; desl 2 situated slightly laterad of

des 1, mediad of des 2, slightly closer to des

1 than to des 2; desl 3 situated posteriad of

des 5. Two pairs lateral epicranial setae (les

1-2); les 1 shorter than les 2; les 2 subequal

in length to des 1, 4-5. Two pairs ventral

epicranial setae (ves 1-2); moderately long,

subequal in length. Clypeus with two pairs

short, stout, clypeal setae (els 1-2); els 1

longer than very short els 2; also with single

pair clypeal sensillae (clsl) close to anterior

margin of frons. Labrum with two pairs

short, stout, labral setae (1ms 1-2); 1ms 1

longer than very short 1ms 2; 1ms 2 situated

laterad and slightly anteriad of 1ms 1 ; also

with one pair lateral labral sensillae (Imsl)

situated between 1ms 1 and 1ms 2; and single
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median labral sensilla (mlmsl) situated on

midline at anterior clypeal margin. Epi-

pharynx with six or seven very short, peg-

like, anteromedian setae (ams); and four

pairs short, stout anterolateral setae (als).

Labral rods well-developed, convergent

posteriorly; with two pairs short, stout, epi-

pharyngeal median spines (msp 1-2); msp
1 longer and stouter than msp 2; single pair

epipharyngeal sensory pores situated be-

tween msp 1 and msp 2. Mandibles with

single apical tooth and with two mandibular

setae (mds 1-2); mds 1 longer than very

short, stout mds 2. Maxillary palpus with

two subequal in length articles; apical article

with number of small, cone-like projections

at apex. Stipes with four setae (sts 1-4); sts

1 , 3-4 moderately long, subequal in length;

sts 2 very short. Mala with six stout dorsal

(dmsa) and five linearly arranged stout ven-

tral setae (vsma). Labial palpus of two ar-

ticles. Premental sclerite with long anterior

and posterior processes. One pair long, slen-

der, premental setae (prms); three pairs

short, stout, glossal setae (gls) and numerous

minute asperites along apical margin. Post-

mentum with three pairs setae (pms 1-3);

pms 1 very long, tapered apically; pms 2

shorter than pms 1 ;
pms 3 shorter than pms

2; pms 2 and pms 3 situated close together

in anterolateral angle of postmentum.

Prothorax (Fig. 1).— (Setae described for

one side of body). Pronotum with six mod-
erately long setae arranged around perim-

eter of darkly sclerotized area. Spiracular

area with two setae, anterior seta shorter

than posterior. Spiracular bicameral, air-

tubes short, each with four or five annula-

tions, peritreme elongate-oval in shape.

Pleural region with two moderately long se-

tae. Pedal area with seven setae arranged

around perimeter of lightly sclerotized area.

Meso- and metathorax (Fig. 1).— (Setae

described for one side of body). Prodorsum

with single short seta (prs). Postdorsum with

four setae (pds 1-4) arranged in a transverse

line; pds 3-4 slightly longer than pds 1-2.

Spiracular area with four short setae ar-

ranged in a longitudinal line. Epipleural re-

gion with single short seta (eps). Pleural re-

gion with single moderately long seta. Pedal

area with six short setae arranged around

perimeter of lightly sclerotized area. Ster-

nellum with single short setae. Most setae

(excluding pronotal setae and pds 3-4) sub-

equal in length.

Abdomen (Fig. 1).— (Setae described for

one side of body). Abdominal segments I-

VII each with three folds; segment VIII with

two folds. Prodorsum of each segment with

single short seta (prs). Postdorsum with five

setae (pds 1-5) arranged in transverse line

on abdominal segments I-VI; pds 1-5 short,

subequal in length on segments I-IV; pds

1-2, 4 longer than pds 3, 5 on segments V-
VI. Abdominal segment VII with seven

postdorsal setae (pds 1-7); pds 4, 6 shortest

of series, pds 1-2, 4 subequal in length. Spi-

racles bicameral, present on abdominal seg-

ments I-VIII; peritreme circular, smaller

than on prothorax; airtubes short, as long

as diameter of peritreme, each with four or

five annulations. Spiracular area with two

setae (ss 1-2); ss 1 shorter than ss 2. Epi-

pleural region with two short setae (ss 1-2);

ss 1 shorter than ss 2. Epipleural region with

two short setae (eps 1-2); eps 2 slightly lon-

ger than eps 1 . Pleural region with two short

setae (ps 1-2); ps 2 slightly longer than ps

1 . Pedal area with single short seta. Euster-

num with two short setae (eus 1-2). Ab-

dominal segment IX with five short dorsal

setae; one short epipleural seta; and, one

short eustemal seta. Anus terminal.

AHmentary canal (Fig. 6).— Proventric-

ulus short, numerous small mycetomes

present around cardiac valve. Anterior ven-

triculus large, deeply folded with numerous

variously sized and shaped protruding lobes,

narrowed gradually to posterior ventriculus.

Gastric caecae small, not numerous. Six

malphighian tubules, grouped 4 + 2 on

thickened portion of posterior ventriculus,

rejoined to alimentary tract in uniform

manner distant from rectal bracon and ap-

pressed for some length to well-developed,
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Ski/
10

Figs. 7-10. Pupa of Cleonidius erysimi (Fall). 7, frontal view of head. 8, dorsal view of pronotum and
mesonotum. 9, dorsal view of metanotum and abdomen. 10, ventral view of abdomen. Scale line =1.1 mm.

asymmetrically expanded cryptonephrid-

ium. Rectal bracon membranous, distinctly

delimiting posterior end of cryptonephrid-

ium. Cryptonephridrium much longer than

very short anal tube.

Specimens examined.— USA. CA. San
Bernardino Co., Guadalupe, Los Alamos,
20.viii.l987, ex. crowns Lobularia mariti-

ma (L.) Dev. (Cruciferae), T. Seeno & J.

Davidson (15 specimens). USA. CA. San
Bernardino Co., Harris Ranch, Los Alamos,
25.vii. 1 986, ex. crowns Lobularia maritima
(L.) Dev (Cruciferae), J. Davidson (2 spec-

imens). USA. CA. San Bernardino Co.,

Harris Ranch, Los Alamos, 1 4-2 1 . vii. 1 987,

ex. crowns and roots Lobularia maritima

(L.) Dev. (Cruciferae) ( 1 specimen). Species

identity was established based on co-occur-

rence of adults with larvae and pupae in

mines in crowns and roots ofthe host plants.

Specimens are deposited in CMNC, TAMU,
USNM.

Description of Pupa
Figs. 7-10

Body.-Length 9.6-13.0 mm (n = 9).

Head (Fig. 7).—Creamy white except for

compound eye and mandibles which are

light to dark brown in color in some spec-

imens. All setae sessile, fine, tapered api-
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cally. One pair moderately long vertical se-

tae (vs), subequal in length to each of two

pairs supraorbital setae (sos 1-2) and pair

orbital setae (os 1). One pair "ocular" setae

situated on posterior portion of ocular area

subequal in length to, or shorter than, each

of vs, sos 1-2 and os 1. Five pairs postan-

tennal setae (pas 1-5); pas 1-4 subequal but

various in length, successively more distal

in position; pas 5 situated laterad of, and

slightly shorter than, pas 4. Rostrum short,

extended only to base of prothoracic tarsi.

One pair short to moderately long rostral

setae (rs 1) situated immediately anterior to

site of antennal attachment, subequal in

length to pair lateral rostral setae (rls 1); rls

1 borne on distinct lateral tubercle at an-

terolateral angle of rostrum. Mandible with

one pair very short, fine, mandibular setae

(ms) at extreme anterolateral angle of man-

dible.

Prothorax (Fig. 8).— Pronotal setae ses-

sile, fine, tapered apically; straight to slight-

ly medially or anteriorly apically curved.

One pair very long apical setae (aps), sub-

equal in length to each of two pairs antero-

lateral setae (als 1-2), pair of lateral setae

(Is 1), and lateralmost two of four pairs pos-

terolateral setae (pis 3-4). Two pairs short

to moderately long discal setae (ds 1-2) sit-

uated approximately equidistant from aps

and pair moderately long basal setae (bs);

ds 1 slightly shorter than ds 2 on most spec-

imens, situated slightly posteromediad ofds

2. Aps, ds 2 and bs situated in longitudinal

linear manner. Two pairs very long antero-

lateral setae (als 1-2); als 1 situated mediad

and slightly anteriad of als 2. One pair long

lateral setae (Is 1) situated posterolaterad of

als 2 and anterolaterad of pis 4. Four pairs

posterolateral setae (pis 1-4); pis 3-4 very

long; pis 4 situated moderately anterolat-

erad of pis 3; pis 2 shorter than pis 1, 3-4,

situated slightly mediad of pis 3; pis 1 mod-
erately long, situated approximately equi-

distant from pis 2 and bs, laterad and var-

ious from slightly anteriad to slightly

posteriad of bs.

Mesonotum (Fig. 8).— Six pairs short to

moderately long, fine, straight, sessile meso-

notal setae (msns 1-6); msns 4, 6 subequal

in length, longest of series.

Metanotum (Fig. 9).— Five pairs short to

moderately long, fine, straight, sessile meta-

notal setae (mtns 1-5); mtns 1-2 short, sit-

uated very close together in anterior one-

half of metanotum; mtns 3-5 longer than

mtns 1-2, situated equidistant from each

other in slightly anteriorly directed trans-

verse linear manner.

Abdomen (Figs. 9-10).—Abdominal seg-

ment I with four pairs very short, very fine,

sessile postdorsal setae (pods 1^); two pairs

short, fine laterodorsal setae (Ids 1-2), the

latter each borne on summit of very small,

rounded, laterally directed tubercle. Abdom-
inal segment II with five pairs very short,

fine postdorsal setae (pods 1-5), each seta

borne on summit of very small, rounded,

posteriorly directed tubercle; two pairs short,

fine laterodorsal setae (Ids 1-2); one pair very

short, fine, prodorsal setae (prds 1); and two

pairs moderately long spiracular setae (ss 1-

2), each borne on summit of small rounded

tubercle, the bases oftubercles narrowly con-

tiguous. Abdominal segments III-VII each

with six pairs short postdorsal setae (pods 1-

6); pods 1-2, 4, 6 short, very stout, darkly

sclerotized, each borne on summit ofapically

darkly sclerotized, posteriorly directed,

rounded tubercle; pods 3, 5 short to mod-
erately long, fine, sessile or situated on sum-

mit of small, unsclerotized tubercle; two pairs

short to moderately long laterodorsal setae

(Ids 1-2), each borne on summit of small

rounded tubercle. Ids 1 approximately one-

half length Ids 2, Ids 1 and Ids 2 more closely

situated on successively more posterior ab-

dominal segments; one pair small, fine, ses-

sile prodorsal setae (prds 1); and two pairs

long to very long, fine spiracular setae (ss 1-

2) each borne on summit oflaterally directed

rounded tubercles, tubercles slightly larger

and bases increasingly contiguous on suc-

cessively more posterior abdominal seg-

ments. Abdominal segment VIII with five



294 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

pairs postdorsal setae (pods 1-5); pods 1,3,

5 short, very stout, darkly sclerotized, each

situated on summit ofmoderately large, pos-

teriorly directed, darkly sclerotized tubercle;

pods 2, 4 long, fine, each situated on summit
of small, rounded tubercle; one pair prodor-

sal setae (prds); two pairs laterodorsal setae

(Ids 1-2) situated very close to each other;

and two pairs long, fine, spiracular setae,

slightly shorter in length than those on ab-

dominal segment VII. All setae very slightly

increased in length on successively more pos-

terior abdominal segments unless otherwise

noted. Ventrally with two pairs short, fine,

sessile lateroventral setae (Ivs 1-2) on each

of abdominal segments IV-VII; and three

pairs transversely linearly arranged, very

short, fine, sessile midventral setae (mvs 1-

3). Abdominal segment VIII ventrally with

single pair short, fine, sessile lateroventral

setae (Ivs) and single pair short, fine, sessile

midventral setae (mvs). Abdominal segment

IX with pair of large, apically acuminate,

darkly sclerotized, posteriorly directed pro-

cesses (pp), each process with three or four

moderately long, fine setae around and an-

terior to base, each seta borne on summit of

variously developed, small, rounded tuber-

cle. Basal region of processes to apical mar-

gin abdominal segment VIII slightly ven-

trally swollen.

Specimens examined.—USA. CA. Santa

Barbara Co., Guadalupe, Los Alamos,
20.viii.l987, ex. crowns Lobularia maritima

(L.) Dev. (Cruciferae), T. Seeno & J. David-

son (4 specimens). USA. CA. Santa Barbara

Co., Harris Ranch, Los Alamos, 14-

21.vii.l987, ex. crowns Lobularia maritima

(L.) Dev. (Cruciferae) (8 specimens). Speci-

mens are deposited in CMNC, TAMU,
USNM.

of Cleonidius erysimi have been collected

from a variety of plants, most commonly
Cruciferae, in a variety of habitats through-

out the species range (Anderson 1988). Al-

though Cruciferae were suspected as the lar-

val host due to the abundance ofassociations

of adults with plants of this family, the as-

sociation of the immature stages with Lob-

ularia maritima (L.) Desv. is the first con-

firmed larval host record. Lobularia

maritima is an introduced, low, woody shrub

ofMediterranean origin which is a common
escapee from gardens; it generally grows

along roadsides or in wasteplaces in Cali-

fornia (Munz 1974). Lobularia maritima is

cultivated for its seeds which are used in

flower beds. Although seeds develop on in-

fested plants, the plants are forced into early

maturation and therefore, produce fewer

seeds.

Cleonidius erysimi adults and immature
stages were found associated with commer-
cially planted L. maritima in Santa Barbara

County, California. Natural vegetation in

the areas surrounding the infestations was
checked but no C. erysimi adults or im-

mature stages were found. Infested plant-

ings were in one-half to ten acre lots. Most
infestations involved 10-15% of the plants

but in some lots up to an estimated 70% of

the plants were involved. Most infestations

were dense nearest the service roads with

evidence of activity getting lighter toward

the center of the planting. One larva was
present per plant and occupied the entire

area inside the crown. Pupation takes place

in the larval mine. Plants with purple flow-

ers appeared to have the heaviest infesta-

tions. Larvae mine the roots and crowns of

the plants; pupation takes place in the larval

mine.

Natural History

This species is widely distributed

throughout western North America from

British Columbia east to Manitoba, south

to southern California, Arizona and ex-

treme west Texas (Anderson 1988). Adults

The Phylogenetic Position of Lixini

Anderson (1988) summarized evidence,

albeit symplesiotypy, to suggest Lixini {sen-

su Kuschel) as a primitive lineage within

Curculionidae but otherwise could not re-



VOLUME 93, NUMBER 2 295

solve their precise relationships further. Such

a proposal was made solely on the basis of

character state distribution in adults.

Whereas precise relationships are still left

as unresolved, based on the present descrip-

tions of the immature stages of C erysimi,

examination ofpupae ofL. scrobicollis (per-

sonal observation), and descriptions and

figures of pupae of Lixini (sensu Kuschel)

in Scherf (1964), some additional evidence

bearing on this topic can now be considered.

The traditional division ofCurculionidae

into Adelognatha ("broad-nosed weevils")

and Phanaerognatha ("long-nosed wee-

vils") carries with it the implication that the

two groups are sister-taxa. This is clearly

not so, and as a result, the resolution of

phylogenetic relationships in Curculionidae

is proving to be a very complex problem,

one brought about largely by conflicting

character state distributions in a number of

presumed primitive curculionid groups.

Adelognatha appear to represent a mono-
phyletic group based on a number of apo-

typic features; in adults, the deciduous man-
dibular cusp and resulting mandibular scar,

and in larvae, the accessory sensory ap-

pendage ofthe antenna distinctly wider than

tall and the frons lacking an endocarina. May
(1970, 1978) suggested that the occurrence

of mandibular setae in pupae of only Ade-
lognatha was thus associated with the pres-

ence of the deciduous cusp in the adult. Ab-
sence of the deciduous mandibular cusp in

adults of species of Pantorhytes (Pachy-

rhynchina), but the presence of mandibular

setae in pupae, suggested the secondary loss

of the cusp in this taxon (May 1978). Man-
dibular setae, however, are now known in

pupae of Ithycerus noveboracensis (Forster)

(Sanborne 1981), Thecesternus hirsutus

Pierce (McClay and Anderson 1985),

Cleonidius erysimi (Fall) and Lixus scrobi-

collis (Boheman) (personal observation), and
Cleonis pigra (Scopoli) (Scherf 1964). Adults

of each of these species do not possess a

deciduous mandibular cusp. If absence of

the cusp is truly a unique secondary loss (as

suggested by May 1970, 1978) and presence

of mandibular setae is apotypic, their pres-

ence in the pupa suggests inclusion of these

taxa in a monophyletic group, sister to the

paraphyletic traditional Adelognatha. If,

however, it is not assumed that the man-
dibular setae of pupae are associated with

the presence of the deciduous cusp in the

adult, then the alternative proposal, that

presence of mandibular setae in the pupa is

an independent apotypic feature, can be

considered. Such would result in Adelo-

gnatha, Ithycerus noveboracensis, Pachy-

rhynchina, Thecestemini and Lixini {sensu

Kuschel) as a monophyletic group but with

relationships further unresolved. Either of

these arrangements is fraught with prob-

lems and thus it appears best if a third al-

ternative is considered: that the presence of

mandibular setae in the pupa is a plesiotypic

character state, not related to the presence

of deciduous cusps in the adults.

Kuschel (in press) has recently proposed
the unification of traditional Adelognatha
with Ithycerus noveboracensis (Forster) and
a number of other presumed primitive Cur-

culionidae (including Pachyrhynchina and

Thecestemini among others, but not Lixi-

ni), as the Brachycerinae. Inclusion of Ithy-

cerus noveboracensis is at least in part based

on the presence of mandibular setae in pu-

pae of this species as well as a number of

other features of the adult and immature
stages (Kuschel in press). That pupae of Lix-

ini (sensu Kuschel) are now known to pos-

sess mandibular setae suggests, if the pres-

ence of the setae were considered apotypic,

inclusion of this taxon in Brachycerinae

(sensu Kuschel in press); however, among
other characters used by Kuschel (in press)

to define Brachycerinae, some support this

placement whereas others dispute it. Adult

Lixini agree with the Brachycerinae (sensu

Kuschel in press) in having the epistoma

raised in relation to the surrounding area

(although this is not so in some Lixus spe-

cies and may be correlated with increased

overall rostrum length), mandibles pluri-
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setose, underside of elytra lacking stridu-

latory files, sclerolepidia absent, and bladal

part of stemite 9 of male extensively pig-

mented. Adult Lixini disagree in not having

the proximal and distal hemistemites (gono-

coxites I and II) of the female distinct

(proximal hemistemite [gonocoxite I] is

lacking), fore coxae placed posteriorly on

the prostemum, and in the rostrum being

sexually dimorphic (although this is not true

for many traditional Cleonina) and where

natural history information is available, in

being used (in females ofat least some Lixus

species) to excavate the oviposition site. As

far as larval characters are concerned, Lixini

disagree in that des 1 is not situated in the

dorsoepicranial suture or on the frons, and,

where natural history information is avail-

able, they are known to be endophytic in

roots and stems.

Anderson (1988) was unable to suggest a

sister-group relationship between Lixini {sen-

su Kuschel) and any other Curculionidae and

suggested a primitive phylogenetic position

in Curculionidae, apparently near Molytini,

but cautioned that this could not be further

resolved as it was based solely on symplesi-

otypy. The now apparent phylogenetic posi-

tion near traditional Adelognatha is not in-

consistent with this previous suggestion of a

primitive phylogenetic position for Lixini, but

disputes the claim of a close relationship to

Molytini. At present, Lixini as a Curculionini

{sensu Kuschel in press) is supported by

only one apotypic character; that of not hav-

ing the proximal and distal hemistemites

(gonocoxites I and II) of the female distinct

(proximal hemistemite [gonocoxite I] is lack-

ing). On the other hand, apotypic characters

suggesting Lixini as Brachycerinae are: bladal

part of stemite 9 of male extensively pig-

mented, and, for some of the species, having

the epistoma raised in relation to the sur-

rounding area and the rostmm not sexually

dimorphic.

At present Lixini are best left as Curcu-

Uoninae in the new scheme of Kuschel (in

press), but special note should be taken of

their heretofore unrecognized close and per-

haps transitional relationship with Brachy-

cennae.
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Abstract. — Five new genera of West Indian Sticholotidini are described. Nelasa, n. gen.,

includes the new species N. emgonota, N. beckeri, N. iricolor, N. howdeni, N. duncansi,

N. schwarzi, A^. cubensis, N. haitiensis, and N. dominicensis. Paranelasa, n. gen., includes

the new species P. jamaicensis and P. polita. Semiviride, n. gen., includes the new species

S. loisobrienae and S.portoricensis. Neaptera, n. gen., includes the new species N. purpurea,

N. viridissima, and A^. viola. Nexophallus korschefskyi Duverger is transferred to Neaptera.

Parinesa, n. gen., is established for P. whiteheadi, n. sp.

Key Words: Sticholotidinae, Sticholotidini, West Indies

The classification of the Western Hemi-
sphere Sticholotidinae was revised by Gor-

don (1977). At that time the subfamily was

composed of four tribes with one additional

tribe described later (Gordon et al. 1989).

Four genera were recognized in the tribe

Sticholotidini, only one of these from the

West Indies. Five West Indian genera dis-

covered subsequently are described here and

the key to genera modified accordingly. A
major change in the definition of the tribe

(Gordon 1977) is necessitated by the pres-

ence of six abdominal sterna in three of the

genera described herein. All previously

known members of Sticholotidini had five

visible sterna.

These minute to moderate sized cocci-

nellids occur worldwide but only recently

has the extent of Western Hemisphere spe-

ciation been appreciated. This contribution

is another in the ongoing process of making
known the entire New World fauna of Sti-

cholotidinae.

Type material is deposited in the Cana-

dian National Collection, Ottawa (CNC), the

U.S. National Museum, Washington

(USNM), the Natural History Museum, De-

partment of Zoology, Vienna, Austria

(NHMA), the Carnegie Museum, Pitts-

burgh (CM), M. Ivie, Montana State Uni-

versity, Bozeman (MI), and the University

of CaUfomia, Berkeley (UCB).

Key to Genera of

New World Sticholotidini

1 . Epipleuron foveate for reception of femur;

eye divided by genal extension; anterior tibia

broadly expanded, externally dentate or not

2

Epipleuron not foveate for reception of fe-

mur; eye not divided; anterior tibia simple,

unmodified 3

2( 1 ). Pronotum with sparse, fine pubescence; ex-

ternal margin of anterior tibia not angulate

Glomerella Gordon

Pronotum without pubescence; external

margin ofanterior tibia sharply angulate. (Fig.

14) Parinesa. n. gen.

3( 1 ). Terminal segment of maxillary palpus long,

slender, apically acuminate

Nexophallus Gordon

Terminal segment of maxillary palpus elon-

gate or not, not apically acuminate 4

4(3). Postcoxal line on 1st abdominal sternum

complete (Fig. 18) 5
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Postcoxal line on 1 st abdominal sternum in-

complete (Fig. 15) 6

5(4). Eye large, finely faceted; abdomen 5-seg-

mented Nesina Gordon

Eye small, coarsely faceted; abdomen 6-seg-

mented Neaptera, n. gen.

6(4). Postcoxal line on 1 st abdominal sternum ex-

tended parallel to posterior margin of ster-

num in apical Vr, abdomen 5-segmented ... 7

Postcoxal line on 1st abdominal sternum

short, not parallel to posterior margin of 1st

abdominal sternum; abdomen 6-segmented 8

7(6). Dorsal surface smooth, polished; lateral

margin of prostemal process not ridged .

.

Neotina Gordon

Dorsal surface roughly sculptured, feebly

shiny; lateral margin of prostemal process

heavily ridged Semiviride, n. gen.

8(6). Terminal segment of maxillary palpus elon-

gate (Fig. 2); antennal club elongate (Fig. 6)

Paranelasa, n. gen.

Terminal segment of maxillary palpus short

(Fig. 1); antennal club short, broad (Fig. 5)

Nelasa, n. gen.

Nelasa, New Genus

Sticholotidini with form generally oval;

without pubescence except on clypeus, lat-

eral margin of head near eye; dorsal surface

with metallic sheen throughout, or at least

on elytron; punctation on elytron much
coarser than on head, pronotum. Head
broad; clypeus short, truncate apically, an-

terior angle rounded. Eye coarsely faceted,

small; eyes separated by 4 times width of

eye; gena slightly extended onto eye. An-
tenna 10-segmented; club 3-segmented,

short, broad (Fig. 5); insertion mostly ex-

posed. Terminal segment of maxillary pal-

pus short, barrel-shaped, slightly narrowed

apically (Fig. 1). Epipleuron narrow, de-

scending externally, not foveate for recep-

tion of femoral apices. Prostemum with

coxae narrowly separated by protuberant,

rectangular process, process carinate on each

side, carinae joined at apex (Fig. 10). Leg

with femur robust, shallowly grooved for

reception oftibia; tibia slender, shorter than

femur; tarsus cryptotetramerous, tarsal claw

simple, lacking tooth. Abdomen with 6 vis-

ible sterna; 1 st sternum with postcoxal line

short, incomplete (Fig. 1 5); apex ofmale 5th

sternum broadly rounded, apex of female

5th sternum strongly, abruptly rounded.

Male genitalia symmetrical; basal lobe lon-

ger than paramere. Female genitalia with

unmodified spermathecal capsule (Fig. 1 9i);

without infundibulum. Membranous wing

present.

Type species: Nelasa beckeri, new species.

Nelasa is most similar to Neotina Gordon
but Neotina differs by having the prostemal

process short, broadly triangular, without

lateral carinae, and the postcoxal line on the

first abdominal sternum not joining hind

margin of sternum. Nelasa also resembles

Paranelasa, n. gen., see remarks under that

genus. Nine species of Nelasa are known
thus far: five from Jamaica, two from Cuba,

and two from Hispaniola. Surprisingly, no

specimens have been seen from Puerto Rico

or the Virgin Islands, but the genus is prob-

ably represented there also. Nelasa species

are difficult to differentiate externally but

the male genitalia provide excellent diag-

nostic characters. The female genitalia,

where known, are essentially identical in all

species, therefore only those of A^. beckeri

are illustrated. Food and habitat preferences

for this genus are unknown; most of the

available specimens were collected by beat-

ing vegetation.

The generic name is an arbitrary com-

bination of letters and the gender is femi-

nine.

Key to Species of Nelasa

1 . Species known only from Jamaica 2

Species not known from Jamaica 6

2(1). Head, pronotal surface polished, shiny . .

.

erugonota, n. sp.

Head, pronotal surface dull or feebly shiny,

with alutaceous sculpture 3

3(2). Dorsal surface with strong, metallic greenish

sheen; head, pronotum feebly shiny, surfaces

feebly alutaceous beckeri, n. sp.

Dorsal surface with purple or copper sheen,

or if sheen greenish then base color brown;

head, pronotum dull, surfaces strongly alu-

taceous 4

4(3). Elytron brown with feeble greenish sheen . .

.

duncansensis, n. sp.
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Elytron black with purple or coppery sheen

5

5(4). Elytron with purple tint not mixed with cop-

pery sheen howdeni, n. sp.

Elytron with intermixed purple, coppery

sheen tricolor, n. sp.

6(1). Species known only from Cuba 7

Species known only from Hispaniola 8

7(6). Head, pronotal surfaces as smooth, polished

as surface of elytron cubensis, n. sp.

Head, pronotal surfaces dull, alutaceous;

surface of elytron shiny, with only trace of

alutaceous sculpture schwarzi, n. sp.

8(6). Elytron brown with metallic greenish sheen;

surface of head, pronotum shiny, feebly alu-

taceous dominicensis, n. sp.

Elytron black with metallic greenish sheen;

surface ofhead, pronotum dull, strongly alu-

taceous haitiensis, n. sp.

Nelasa erugonota, New Species

Description: Holotype male, length 1.5

mm, width 1.2 mm. Form oval. Color black

with strong, blue metallic sheen on dorsal

surface, equally strong throughout; mouth-

parts, antenna, tibia, tarsus yellow; femur,

ventral surface dark brown. Head smooth,

polished, finely punctured, punctures sep-

arated by about a diameter. Pronotum

smooth, polished, punctures equal in size

to head punctures, separated by 2 to 4 times

a diameter. Elytron smooth, polished, punc-

tures coarser than on head, separated by

about twice a diameter.

Type material: Holotype; Jamaica, Port-

land, Silver Hill Gap, 22.VIII.1980, 1000-

1100 m, A. Norrbom(CM).
Remarks: The smooth, polished head and

pronotum of A'', erugonota distinguish it

from the other known Jamaican species. The

male genitalia were not dissected to avoid

damaging the only available specimen. The
specific name is from the Latin erugo, mean-

ing smooth, and refers to the smooth pro-

notal surface.

Nelasa beckeri, New Species

Description: Holotype male, length 1.6

mm, width 1.3 mm. Form oval. Color black

with strong, green, metallic sheen on dorsal

surface, particularly strong on elytron;

mouthparts, antenna, tibia, tarsus brownish

yellow; ventral surface black; femur brown.

Head feebly shiny, surface alutaceous, finely

punctured, punctures separated by about a

diameter. Pronotum feebly shiny, surface

finely alutaceous, punctures slightly coarser

than on head, separated by less than to twice

a diameter. Elytron smooth, polished, mod-
erately coarsely punctured, punctures much
larger than on pronotum, separated by less

than to twice a diameter. Genitalia with sides

of basal lobe somewhat sinuate in ventral

view; sipho short, unmodified (Figs. 19a-

c).

Allotype: Length 1.8 mm, width 1.4 mm.
Similar to male except genitalia as in Figure

19i.

Variation: Length 1.5 mm to 1.8 mm,
width 1.3 to 1.4 mm.

Tvpe material: Holotype; Jamaica, Hard-

war Gap, 4000', VIL10.1966, Howden &
Becker (CNC). Allotype; same data as ho-

lotype except date Vn.4. 1 966 (CNC). Para-

types, total 16; 5, same data as holotype; 7,

same data as holotype except additional

datesVn.5.1966,Vn.l 1.1966, Vn.l6. 1966.

VII.18.1966, VII. 25. 1966; 3, Jamaica, Try.

Barbecue Bottom, VII.6.1966, VII. 13. 1966,

H. Howden; 1, Jamaica, Shirley Castle,

VII. 1 97 1 , on Pinus caribae. (CNC) (USNM).

Remarks: The strong, green metallic sheen

on the dorsal surface, feebly shiny prono-

tum and head distinguish N. beckeri from

the other Jamaican species. The elytral

punctures are also less coarse than in the

other species.

The species is named for Ed Becker, one

of the collectors of the type series and an

eminent coleopterist.

Nelasa tricolor, New Species

Description: Holotype male, length 1.5

mm, width 1.3 mm. Form oval, slightly

rounded. Color black, elytron with purple,

coppery metallic sheen, pronotum with

green, metallic copper sheen, head with pur-

ple metallic sheen; mouthparts, antenna,

tibia, tarsus brownish yellow; ventral sur-
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Figs. -12. 1-4, maxillary palpus: 1, Nelasa iricolor- 2, Pamnelasa jamaicensis- 3, Semiviride loisohrienae-

4^
Neaptera purpurea. 5-8, antenna: 5. Nelasa mcolor- 6, Pam«./«.a^am«/c.m/5; 7, 5.m,vvn^Wo/5o/,n.««.; 8

fni^T'' '"'T.Z-
' P™^^™""^^ 9, A^.to.« ^..,.ca«5.«m; 10, Paranelasa jamaicensis- 11, S.m/v/WJ.

toisobrienae; 12, Parinesa whiteheadi.
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14

15 16

Figs. 13-18. 13, 14, Parinesa whiteheadi: 13, facial view; 14, protibia: 15-18, 1st abdominal sternum: 15,

Nelasa tricolor, 16, Paranelasa jamaicensis; 17, Semiviride loisohhenae; 18, Neaptera purpurea.

face mostly yellowish brown; femur, ab-

domen brown. Head dull, surface strongly

alutaceous, finely punctured, punctures sep-

arated by about a diameter. Pronotum dull,

surface strongly alutaceous, punctures equal

in size to head punctures, separated by 1 to

2 times a diameter. Elytron smooth, pol-

ished, coarsely punctured, punctures much
larger than on pronotum, separated by about

a diameter. Genitalia with sides of basal

lobe not sinuate, broad in lateral view; sipho

broken (Figs. 1 9d-0.

Type material: Holotype; Jamaica, St.

And. St. Peters, VII-7-1966, Howden &
Becker collectors (CNC).

Other specimens: 1, same data as holo-

type; 3, Jamaica, Port., Port. Antonio, VII. 1-

7-1966, E.C. Becker (CNC).

Remarks: All specimens except the ho-

lotype are females tentatively considered

conspecific with the holotype. They differ

slightly in color and punctation from A^. tri-

color, more so from the other Jamaican spe-

cies, and they may represent another un-

described species. However, males are

needed to decide this.

Nelasa howdeni, New Species

Description: Holotype male, length 1.6

mm, width 1.25 mm. Form oval. Color

black, elytron with metallic purple sheen;

mouthparts, antenna, coxa, trochanter, tar-

sus brownish yellow; femur, tibia dark

brown. Head, pronotum extremely dull,

punctures very fine, barely perceptible. El-

ytron smooth, polished, coarsely punctured,
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punctures separated by a diameter or less.

Genitalia with basal lobe slender in lateral

view, paramere slender; sipho broken (Figs.

19g, h).

Type material: Holotype; Jamaica, Hard-

war Gap, 4000', VII.21.1966, Howden &
Becker (CNC).

Remarks: The holotype is the only spec-

imen examined. It was collected at Hardwar

Gap where most of the type series of A^.

beckeri was taken. In addition to very dif-

ferent male genitalia, Nelasa howdeni differs

from A^. beckeri by having the head and pro-

notum very dull and black, without a me-

tallic sheen.

The species is named for Henry Howden,
one of the collectors and a noted scara-

baeidologist.

Nelasa duncansensis, New Species

Description: Holotype male, length 1.5

mm, width 1.2 mm. Form oval, slightly

rounded. Color dark brown, head, prono-

tum darker than elytron, with strong green

metallic sheen, elytron with faint green me-

tallic sheen; antenna, mouthparts, trochan-

ter, tarsus brownish yellow. Head dull, sur-

face alutaceous, finely punctured, punctures

separated by less than to 3 times a diameter.

Pronotum dull, surface alutaceous, punc-

tures equal in size to head punctures, sep-

arated by 1 to 2 times a diameter. Elytron

smooth, polished, coarsely punctured,

punctures separated by less than to twice a

diameter. Genitalia with basal lobe ^i lon-

ger than paramere, apex rounded, paramere

slender; sipho short, unmodified (Figs. 20a-

c).

Allotype: Length 1.5 mm, width 1.2 mm.
Similar to male except for genitalia.

Variation: Length 1.4 to 1.6 mm, width

1.0 to 1.3 mm.
Type material: Holotype; Jamaica, Try.,

Duncans, VIII. 19. 1966, Howden & Becker

(CNC). Allotype; same data as holotype.

Paratypes, total 14; 4, same data as holo-

type; 8, same data as holotype except dates

VIII.13.1966, VIII. 14.1966, VIII.15.1966,

VIII. 25. 1966; 1, Jamaica, Mandeville,

Manchester Parish, VIII. 16. 1966, Howden
& Becker collectors; 1, Jamaica, St. Eliz.,

Hermitage, VIII. 17. 1966, E. C. Becker.

(CNC) (USNM).
Remarks: The brown elytra with faint

green metallic sheen combined with the

dark, strongly tinted head and pronotum

distinguish A'^. duncansensis from other

known Jamaican species.

The species is named for the type locality.

Nelasa schwarzi, New Species

Description: Holotype male, length 1.4

mm, width 1.1 mm. Form broadly oval,

slightly rounded. Color black, dorsal surface

with distinct purple sheen; antenna, mouth-

parts, coxa, tibia, tarsus brownish yellow;

venter, femur dark brown. Head dull, sur-

face strongly alutaceous, punctures very fine,

barely visible, separated by 2 to 3 times a

diameter. Pronotum dull, surface strongly

alutaceous, punctures slightly coarser than

on head, separated by less than to twice a

diameter. Elytron shiny, surface with trace

of alutaceous sculpture, punctures coarse,

separated by about a diameter. Genitalia

with basal lobe straight in lateral view, very

slightly longer than paramere (Figs. 20d, e);

sipho lost.

Tvpe material: Holotype; Cuba, Caya-

mas, 25.5, EA Schwarz Collector (USNM).
Remarks: The holotype is the only spec-

imen seen. Nelasa schwarzi resembles the

Jamaican A^. howdeni in external appear-

ance but the male genitalia of each species

are different.

The species is named for E. A. Schwarz,

collector of the holotype.

Nelasa cubensis, New Species

Description: Holotype female, length 1 .4

mm, width 1 . 1 mm. Form oval. Color black

with strong, metallic green sheen through-

out dorsal surface; antenna, mouthparts,

trochanter, tarsus brownish yellow; venter,

femur, tibia brown. Head with surface

smooth, polished, finely punctured, punc-
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tures separated by less than to 3 times a

diameter. Pronotum with surface smooth,

polished, punctures equal in size to head

punctures, separated by less than to 3 times

a diameter. Elytron shiny, surface with faint

trace of alutaceous sculpture, punctures

coarse, separated by less than to about a

diameter.

Type material: Holotype; Cuba, Bah.

Honda, June 1-3, Wickham (USNM).
Remarks: The holotype female is the only

specimen examined. This species is thus far

unique within the genus in having the head

and pronotal surfaces as smooth and pol-

ished as the elytra.

The species is named for the country of

origin.

Nelasa haitiensis, New Species

Description: Holotype male, length 1.6

mm, width 1 .3 mm. Form oval. Color black

with faint coppery sheen on head, prono-

tum; elytron with distinct metallic green

sheen; antenna, mouthparts, trochanter,

tarsus brownish yellow; tibia, femur dark

brown. Head dull, surface strongly aluta-

ceous, punctures very fine, barely visible,

separated by less than to twice a diameter.

Pronotum dull, surface strongly alutaceous,

punctures equal in size to head punctures,

separated by 1 to 3 times a diameter. Ely-

tron smooth, surface with faint trace of alu-

taceous sculpture, punctures coarse, sepa-

rated by a diameter or less. Genitalia with

short, robust projections in apical Vs ofbasal

lobe (Figs. 20f-g); sipho lost.

Type material: Haiti, Kenscoff, VIII- 1
1-

35, Sta 23, Blackwelder (USNM).
Remarks: The holotype is the only spec-

imen examined. The species is named for

the country of origin.

Nelasa dominicensis. New Species

Description: Holotype male, length 1.5

mm, width 1 .2 mm. Color dark brown with

metallic greenish sheen on dorsal surface

except lateral margin of elytron narrowly

light brown; antenna, mouthparts yellow;

venter, leg yellowish brown. Head shiny,

surface finely alutaceous, punctures fine,

separated by a diameter or less. Pronotum
shiny, surface finely alutaceous, punctures

equal in size to head punctures, separated

by about a diameter. Elytron smooth, pol-

ished, coarsely punctured, punctures sepa-

rated by a diameter or less. Genitalia with

basal lobe slender, strongly curved in lateral

view, apex with apical projection; sipho

short, unmodified (Figs. 20h-j).

Allotype: Length 1.5 mm, width 1.2 mm.
Similar to holotype except for genitalia.

Variation: Length 1.5 to 1.6 mm.
Type material: Holotype; Dominican Re-

public, La Matica, Boca-Chica, III-6-1955,

A.M. Nadler (USNM). Allotype; same data

as holotype (USNM). Paratypes, 3; same
data as holotype. (USNM).
Remarks: In addition to male genitalia,

the relatively shiny head and pronotum dis-

tinguish A^. dominicensis from the other

known Hispaniola species, N. haitiensis.

Paranelasa, New Genus

Sticholotidini with form oval; without

pubescence except on clypeal apex, lateral

margin of head near eye; dorsal surface with

slight metallic sheen; punctation on elytron

not greatly coarser than on pronotum. Head
broad; clypeus short, slightly, broadly emar-

ginate apically, anterior angle abruptly

rounded. Eye coarsely faceted, small, eyes

separated by 5 times width of eye; gena ex-

tended onto eye. Antenna 1 0-segmented;

club 3-segmented, elongate (Fig. 6); inser-

tion exposed. Terminal segment of maxil-

lary palpus long, distinctly narrowed api-

cally (Fig. 2). Epipleuron broad, descending

externally, not foveate for reception of fem-

oral apices. Prostemum with coxae narrow-

ly separated by protuberant rectangular pro-

cess, process carinate on each side, joined

at apex (Fig. 10). Leg with femur robust,

shallowly grooved for reception oftibia; tib-

ia slender, shorter than femur; tarsus cryp-

totetramerous, tarsal claw simple, lacking

tooth. Abdomen with 6 visible sterna; 1st
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Fig. 19. a-i, genitalia, a-c, male genitalia of Nelasa beckeh; d-f, male genitalia of Nelasa Irlcolor; g, h, male

genitalia of Nelasa howdeni; i, female genitalia of Nelasa beckeri.
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Fig. 20. a-j, male genitalia, a-c, Nelasa duncasensis; d, e, Nelasa schwarzi; f, g, Nelasa haitiensis; h-j, Nelasa
dominicensis.
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Sternum with postcoxal line short, widely

incomplete (Fig. 1 6); apex of male 5th ster-

num briefly truncate, apex of female 6th

sternum broadly rounded. Male genitalia

symmetrical; basal lobe longer than para-

mere. Female genitalia without spermathe-

cal capsule or infundibulum. Membranous
wing completely absent.

Type species: Paranelasajamaicensis, new

species.

Paranelasa is most similar to Nelasa, but

Paranelasa differs by having an elongate an-

tennal club, an elongate terminal maxillary

palpal segment, no membranous wings, and

no spermathecal capsule or infundibulum.

Food and habitat preferences are unknown.

The generic name is composed ofthe pre-

fix Para- added to the genus name Nelasa

and the gender is feminine.

Key to Species of Paranelasa

1 . Punctures on elytron distinctly visible; elytron

with coppery or greenish metallic sheen; pro-

sternal carinae angled toward each other api-

cally jamaicensis, n. sp.

- Punctures on elytron faint, distinctly visible

only under high magnification; elytron with

faint bluish metallic sheen; prostemal carinae

parallel polita, n. sp.

Paranelasa jamaicensisy New Species

Description: Holotype male, length 1.8

mm, width 1 .4 mm. Color black, dorsal sur-

face with faint metallic copper sheen; an-

tenna yellow except club brown; mouth-

parts, leg brown. Head smooth, polished,

with faint trace of alutaceous sculpture,

punctures fine, separated by less than to 3

times a diameter. Pronotum smooth, pol-

ished, with faint trace of alutaceous sculp-

ture, punctures slightly finer than on head,

separated by 1 to 3 times a diameter. Ely-

tron smooth, polished, with faint trace of

alutaceous sculpture, punctures fine, indis-

tinct, slightly coarser than pronotal punc-

tures, separated by 1 to 3 times a diameter.

Prostemal carinae angled toward each other

apically. Genitalia with sipho gradually nar-

rowed before constriction at apical '/s, apex

with small dorsal crest (Figs. 21a-c).

Allotype: Length 1.7 mm, width 1.3 mm.
Similar to holotype except for genitalia.

Variation: Length 1.6 to 2.0 mm, width

1.3 to 1.7 mm.
Tvpe material: Holotype; Jamaica, Blue

Mt. Peak, 7400', VII.27-28.1966, Howden
& Becker (CNC). Allotype; same data as

holotype (CNC). Paratypes, total 99; 97,

same data as holotype; 1, Jamaica, Port-

land, N. side of Mossman's Peak, 16-

Vin.1980, 1400 m, A. Norrbom; 1, Ja-

maica, St. Thomas, Portland Gap, 1600 m,

24-VIII.1980, A. Norrbom. (CNC) (CM)

(USNM).
Remarks: This species is named for the

country of origin.

Paranelasa polita, New Species

Description: Holotype male, length 1.8

mm, width 1 .5 mm. Color black, dorsal sur-

face with metallic sheen; antenna yellow ex-

cept segments 5-8 brown; mouthparts, tar-

sus yellow; leg, venter, dark brown to black.

Head smooth, polished, finely punctured,

punctures separated by a diameter or slight-

ly more. Pronotum smooth, polished, punc-

tures slightly finer than on head, separated

by less than to twice a diameter. Elytron

smooth, polished, punctures equal in size

to head punctures, separated by 1 to 2 times

a diameter. Prostemal carinae parallel, not

angled toward each other apically. Genitalia

with sipho broad before constriction at api-

cal Vs, abruptly narrowed at constriction,

apex without crest (Figs. 21d-f).

Tvpe material: Holotype; Jamaica, Hard-

warGap, Portland Par., 4000', 03 Aug 1956,

B&B Valentine, Hardwood cloud forest,

beating (USNM). Paratypes, total 3; 1, Ja-

maica, N side of Mossman's Peak, 20-

Vm.80, 1450 m, A. Norrbom; 1, Jamaica,

Portland, N side of Mossman's Peak, 26-

Vin.1980, 1500 m, A. Norrbom; 1, Ja-

maica, St. Thomas, Portland Gap, 1600 m,

Vin.1980, A. Norrbom. (CM) (USNM).

Remarks: The two known species of
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Paranelasa are quite similar in external ap-

pearance but the sipho of the male genitalia

differs.

The specific name refers to the smooth,

polished appearance of the dorsal surface.

Semiviride, New Genus

Sticholotidini with form oval, not strong-

ly convex; without pubescence except on

clypeal apex, lateral margin of head near

eye; dorsal surface heavily sculptured, with

metallic sheen; punctation on elytron not

coarser than on head, pronotum. Head
broad, clypeus short, apically truncate, an-

terior angle abruptly rounded. Eye coarsely

faceted, small, eyes separated by 4 times

width of eye; gena extended onto eye. An-
tenna 10-segmented; club 3-segmented, very

broad (Fig. 8); insertion exposed. Terminal

segment of maxillary palpus elongate, slen-

der, distinctly narrowed apically (Fig. 3).

Epipleuron broad, slightly descending ex-

ternally, not foveate for reception of fem-

oral apices. Prostemum with coxae narrow-

ly separated by protuberant, triangular

process, process heavily ridged on each side,

carinae joined at apex (Fig. 1 1). Leg with

femur robust, shallowly grooved for recep-

tion of tibia; tibia slender, equal in length

to femur; tarsus cryptotetramerous; tarsal

claw simple, lacking tooth. Abdomen with

5 visible sterna; 1st sternum with postcoxal

line incomplete, parallel to hind margin of

sternum in apical Vi (Fig. 1 7); apex of male

5th sternum briefly truncate medially, apex

of female 5th sternum broadly rounded.

Male genitalia symmetrical. Female geni-

talia with spermathecal capsule, without in-

fundibulum (Fig. 21j). Fully developed
membranous wing absent.

Type species: Semiviride loisobrienae, new
species.

Semiviride is most similar to Neotina but

Neotina is strongly convex, dorsally smooth,

polished, the prostemal process lacks ridg-

es, the antennal club is not as strongly ex-

panded, and the terminal segment of the

maxillary palpus is shorter, less strongly

narrowed apically. Food and habitat pref-

erences are completely unknown.
The generic name is a combination of the

Latin semi, meaning half, and viride, a neu-

ter Latin noun meaning green, and refers to

the semigreen dorsal surface of the known
species.

Key to Species of Semiviride

\. Pronolal surface strongly wrinkled, impunc-

tate; elytron densely alutaceous, punctures ob-

scured by surface sculpture . . . loisobrienae, n. sp.

- Pronotal surface feebly alutaceous, distinctly,

coarsely punctured; elytron alutaceous but

punctures not obscured by surface sculpture .

.

portoricensis, n. sp.

Semiviride loisobrienae^ New Species

Description: Holotype male, length 1.8

mm, width 1.5 mm. Color black, dorsal sur-

face with metallic green sheen; antenna yel-

low except apical 4 segments pale, straw yel-

low; mouthparts, coxa, trochanter, apex of

femur, tibia, tarsus brownish yellow; ven-

tral surface, basal % of femur dark brown.

Head with surface alutaceous, slightly wrin-

kled, feebly shiny, punctures fine, separated

by about a diameter, difficult to see in sur-

face sculpture. Pronotum with surface

coarsely alutaceous, strongly wrinkled, dis-

tinctly shiny, impunctate. Elytron densely

alutaceous, not wrinkled, punctures larger

than on head, separated by less than to 4

times a diameter, difficult to see because of

surface sculpture. Genitalia with basal lobe

slightly longer than paramere; paramere very

slender; sipho elongate (Figs. 21g-i).

Allotype: Length 1.7 mm, width 1.6 mm.
Similar to holotype except genitalia as in

Fig. 21j.

Variation: Length 1.7 to 1.8 mm, width

1.5 to 1.6 mm.
Type material: Holotype; Puerto Rico,

Carib. N.F. El Yunque Hwy. (191)K1 1H2,

July 1979, G. B. Marshall (USNM). Allo-

type; same data as for holotype except

(191)K10H9, Lois O'Brien (USNM). Para-

types, total 7; 1, same data as holotype; 1,

Puert. Rico, Carib. Nat. For. base Mt. Brit-
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ton Tr., 17 March 1983, R. S. Miller coir.;

2, Puerto Rico, El Yunque, 16-17 July 1954,

M. W. Sanderson; 1, Puerto Rico, Carib-

bean Nat. Forest, El Yunque Trail, 610-

1050 m. 23 Sep 1987, M. A. Ivie, beating;

1, Puerto Rico, kCarib. N.F., El Yunque
Hwy, (191)K11H4, July 29, 1979, C. W.
O'Brien; 1 , PR: Sierra Luquillo, Caribbean

Nat. For. Rd 1 9 1 , 2500' ( 1 2 Km S. Palmer),

XII-22-86, J. Doyen & J. Santiago. (MI)

(UCB) (USNM).
Additional specimen: 1, Puerto Rico, El

Yunque, USES aviary, July-Aug 1985, E.

LaRue, at light.

Remarks: The species is named for Lois

O'Brien, collector ofthe allotype. The single

specimen listed above collected at the USES
aviary is a female that possibly represents

an undescribed species. It is slightly larger

than 5. loisobrienae and the dorsal surface

has a coppery sheen; however, because it is

a unique female it is tentatively considered

a variant of S. loisobrienae.

Semiviride portoricensis, New Species

Description: Holotype male, length 1.75

mm, width 1.5 mm. Color black; dorsal sur-

face with blue green sheen; antenna yellow

except apical 4 segments slightly paler than

remaining segments; mouthparts, coxa, tro-

chanter, tibia, tarsus brownish yellow; ven-

tral surface, femur dark brown. Head with

surface alutaceous, not wrinkled, feebly

shiny, punctures fine, separated by about a

diameter. Pronotum with surface feebly alu-

taceous, shiny, coarsely punctured, punc-

tures separated by 1 to 3 times a diameter.

Elytron distinctly alutaceous, punctures as

coarse as pronotal punctures, not obscured

by surface sculpture, separated by less than

to 3 times a diameter. Genitalia with phal-

lobase as illustrated for S. loisobrienae ex-

cept trabes slender with unmodified apex;

sipho with basal capsule reduced, feebly de-

veloped (Eigs. 22a-g).

Type material: Holotype; Puerto Rico,

Carib. N.E., El Yunque Hwy., (191)K12H7,

July 29, 1979, L. B. O'Brien (USNM).

Remarks: In addition to the key charac-

ters, S. portoricensis is distinguished from

S. loisobrienae by the feebly developed si-

phonal capsule and slender, unmodified

trabes; however, the phallobases are virtu-

ally identical.

Neaptera, New Genus

Sticholotidini with form rounded, strong-

ly convex; without pubescence except for

row of long setae on clypeal apex; dorsal

surface with metallic sheen, at least on el-

ytron; elytron with coarse, widely spaced

punctures much larger than head, pronotal

punctures. Head broad; clypeus short, trun-

cate apically; anterior angle abruptly round-

ed. Eye very coarsely faceted, small, eyes

separated by 4 times width of eye; gena ex-

tended onto eye. Antenna 10-segmented;

club 3-segmented, broad (Fig. 8); insertion

exposed. Terminal segment of maxillary

palpus elongate, slender, slightly tapered

apically (Fig. 4). Epipleuron narrow, flat,

not foveate for reception of femoral apices.

Prostemum with coxae narrowly separated

by protuberant, rectangular process, process

carinate on each side, carinae not joined at

apex. Leg with femur robust, shallowly

grooved for reception of tibia; tibia slender,

shorter than femur; tarsus cryptotetramer-

ous, tarsal claw simple, lacking tooth. Ab-

domen with 6 visible sterna (6th sternum

barely visible); 1st sternum with complete,

slightly angulate, postcoxal line (Fig. 18);

apex of male 5th sternum broadly rounded;

apex of female 5th sternum strongly round-

ed. Male genitalia symmetrical. Female gen-

italia with unmodified spermathecal cap-

sule; without infundibulum. Membranous
wing lacking.

Type species: Neaptera purpurea, new
species.

Neaptera is similar to Nexophallus but the

latter genus differs by having the head and

pronotum finely pubescent, the terminal

segment of the maxillary palpus strongly ta-

pered apically, the prostemum produced

anteriorly, the epipleuron broad, slightly de-
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Fig. 2 L a-j, genitalia, a-c, male genitalia oiParanelasajamaicensis; d-f. male genitalia ofParanelasa polita;

g-i, male genitalia of Semiviride loisobhenae; j, female genitalia of Semiviride loisobrienae.
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Fig. 22. a-g, genitalia, a-c, male genitalia ofSemivinde portoricensis; d-f, male genitalia ofNeaptera purpurea:

g, female genitalia of Neaptera purpurea.



312 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

f ' g ' I h

Fig. 23. a-h, male genitalia, a-c, Neaptera viridissima; d-f, Neaptera korschefskyi\ g, h, Neaptera viola.

scending externally, no membranous wings, the Virgin Islands. Food preferences are un-

and the postcoxal line not angulate. Four known but label data for A^. viridissima in-

species of this flightless genus are thus far dicate that the habitat is quite different from

known from Guadeloupe, Puerto Rico, and that of most coccinellids. The data are "at
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base of Kapok," "litter in clump of bam-

boo," "base of large trees," "litter along

walls" and "leafaxils ofcoconut palm." This

information and the wingless condition of

all known species explain why members of

Neaptera are infrequently collected and

probably indicate the presence of still more

species on various West Indian islands.

The generic name refers to the wingless

condition and the gender is feminine.

Key to Species of Neaptera

1 . Elytron metallic green; Puerto Rico

viridissima, n. sp.

Elytron metallic blue, purple, or violet; not

known from Puerto Rico 2

2(1). Species occurring on Guadeloupe or Mont-

serrat 3

- Species known only from the Virgin Islands

purpurea, n. sp.

3(2). Elytron mostly metallic blue; punctures

dense, coarse punctures separated by a di-

ameter or less

korschefskyi (Duverger), n. comb.

- Elytron metallic violet or purple; coarse

punctures separated by a diameter or more

viola, n. sp.

Neaptera purpurea. New Species

Description: Holotype male, length 1.25

mm, width 1.0 mm. Color light yellowish

brown; elytron mostly dark metallic purple

with greenish iridescence; lateral, basal bor-

ders of elytron, entire head, pronotum, clear,

dark reddish brown; antenna, mouthparts,

tibia, tarsus pale yellow. Head smooth, pol-

ished, punctures distinct, separated by less

than to twice a diameter. Pronotum smooth,

polished, punctures finer than on head, sep-

arated by less than to twice a diameter. El-

ytron smooth, polished, surface with faint

trace of alutaceous sculpture, with sparse,

intermixed fine, coarse punctures, coarse

punctures separated by 1 to 3 times a di-

ameter. Genitalia as in Figs. 22d-f.

Allotype: Length 1.3 mm, width 1.1 mm.
Similar to male except genitalia as in Fig.

22g.

Variation: Length 1.2 to 1.3 mm, width

1.0 to 1.1 mm. Some specimens have no

trace of greenish iridescence on the elytron,

others have distinct iridescence.

Type material: Holotype; Virgin Islands,

St. John, Lameshur Bay, VIERS, 23

FEB 1984, base of Kapok, W.B. Muchmore
(USNM). Allotype; Virgin Islands, St. John,

Little Lameshur Bay, 24JAN1986, litter in

clump of bamboo, W.B. Muchmore coir.

(USNM). Paratypes, total 15; 2, same data

as holotype; 1 , same data as holotype except

date 04MAY 1 984; 4, same data as allotype;

2, Virgin Islands, Trunk Bay, 08 JUN 1980,

leafaxils ofcoconut palms, coir W.B. Much-
more; 1, Virgin Islands, St. John, Annaberg

ruins, 13 JUN 1980, litter along wall, W.B.

Muchmore; 2, Virgin Islands, St. John,

Johnny Horn Trail summit over Emmaus,
13 MAY 1984, base of Ig. trees, WBMuch-
more; 1, Virgin Islands, St. John, Estate

CaroHna, King Hill, south 08MAY1984,
ground litter, WBMuchmore; 1, Virgin Is-

lands, St. John, King Hill, 21 MAY 1982,

W.B. Muchmore; 1, Virgin Islands, St. John,

Est. Maho Bay, Windberg Ruins, 20 & 3

1

MAY 1979, Htter at base ofwalls, coir. W.B.

Muchmore; 1, Virgin Islands, St. Thomas,

Jan 20, 1963, Paul J. Spangler, Pond, 1 mi.

E. Charlotte Amalie. (MI) (USNM).
Remarks: This is the only species of

Neaptera represented by more than a few

specimens. Thus far known only from the

Virgin Islands, it is most similar to the Puer-

to Rican A'^. viridissima in form of the male

genitalia. The elytral punctation and color

are different however, and they are here

treated as two valid species.

The specific name is Latin and refers to

the metallic purple dorsal color.

Neaptera viridissima, New Species

Description: Holotype male, length 1.3

mm, width 1.0 mm. Color light yellowish

brown; elytron metallic green; head, pro-

notum clear, dark reddish brown; antenna,

mouthparts, tibia, tarsus pale yellow. Head
smooth, polished, punctures distinct, sep-

arated by less than to a diameter. Pronotum

smooth, polished, punctures equal in size
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to head punctures, separated by less than to

twice a diameter. Elytron smooth, polished,

with fine punctures sparse, very small, bare-

ly visible, coarse punctures sparse, separat-

ed by 2 to 4 times a diameter. Genitalia as

in Figs. 23a-c.

Allotype: Length 1.35 mm, width 1 . 1 mm.
Similar to male except for genitalia.

Variation: Length 1.3 to 1.4 mm.
Type material: Holotype; Puerto Rico, nr

Fajardo, rtl94 km45.7, VIII-20-61,

nint&Spangler (USNM). Allotype; Puerto

Rico, Mayaguez, 10.9.'37, P.R. 2035, H.K.

Plank (USNM). Paratypes, total 3; 2, same
data as holotype; 1, same data as allotype.

Remarks: This species is most similar to

A^. purpurea but can be recognized by the

distinctly metallic green elytra. See remarks

under A^. purpurea.

The specific name is Latin and refers to

the metallic green dorsal coloration.

Neaptera korschefskyi (Duverger),

New Combination

Nexophallus korschefskyi Duverger, 1986:

223.

Description: Length 1.6 mm, width 1.2

mm. Color dark brown; dorsal surface

mostly dark metallic blue, with some cop-

per, violet iridescence; antenna, mouth-
parts, tibia, tarsus brownish yellow. Head
smooth, polished, finely punctured, punc-

tures separated by less than to twice a di-

ameter. Pronotum smooth, polished, punc-

tures equal in size to head punctures,

separated by less than to twice a diameter.

Elytron shiny, densely punctured, coarse

punctures separated by a diameter or less,

with numerous intermixed fine punctures.

Male genitalia as in Figs. 23d-f; sipho bro-

ken.

Type locality: Guadeloupe, Vitrac, Trois

rivieres.

Type depository: Museum National

d'Histoire Naturelle, Paris.

Specimens examined: The female holo-

type from the Paris Museum and 4 addi-

tional specimens, all of which are labeled

"Guadeloupe" with no further data.

Remarks: Neaptera korschefskyi has the

most densely punctured elytra thus far

known within the genus. This character, the

mostly metallic blue dorsal color, and form

of the male genitalia distinguish TV. kor-

schefskyi from A^. viola which also occurs

on Guadeloupe. Duverger (1986) placed A^.

korschefskyi in the genus Nexophallus which

is understandable because the two genera

are superficially very similar and he did not

have a specimen oiNexophallus with which

to make a direct comparison. In addition to

the holotype, Duverger (1986) described an

allotype and 1 8 paratypes from various lo-

calities on Guadeloupe. The holotype has

been examined courtesy of N. Berti of the

Paris Museum.

Neaptera viola, New Species

Description: Holotype male, length 1.4

mm, width 1.0 mm. Color brown; elytron

dark metallic purple with violet iridescence;

pronotum dark purple with anterior, lateral

margins dark reddish brown; head dark red-

dish brown basally, becoming paler reddish

brown toward clypeal apex; antenna,

mouthparts, tibia, tarsus yellow. Head
smooth, polished; punctures fine, separated

by less than to twice a diameter. Pronotum
smooth, polished, with basomedian area of

punctures coarser than on head; remainder

of pronotal surface with very fine, barely

visible punctures. Elytron smooth, pol-

ished, with intermixed fine, coarse punc-

tures, coarse punctures separated by 1 to 3

times a diameter, fine punctures indistinct,

widely separated. Genitalia as in Figs. 23g,

h; sipho lost.

Allotype: Similar to holotype except for

female genitalia.

Variation: The elytral color ranges from

that described above to having a mixture of

purple, green, and violet reflections.

Type material: Holotype; Insel Guade-

loupe, Coll. Mus. Vindob., Pentilia egena

Muls., Scymnillodes (NHMA). Allotype;
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Insel Guadeloupe (NHMA). Paratype, 1;

same data as allotype (USNM).
Other specimen: 1 , Montserrat, BWI, VII-

24-36, Blackwelder (USNM).
Remarks: This species is most similar to

N. korschefskyi, see remarks under that spe-

cies. The single female specimen from

Montserrat is apparently conspecific with

the type specimens of A^. viola from Gua-

deloupe but is not designated a paratype.

The specific name is Latin and refers to

the predominantly metallic violet tint ofthe

elytron.

Parinesa, New Genus

Sticholotidini with form rounded, very

convex; without pubescence except head

with fine, sparse, short, decumbent hairs,

row of long setae on clypeal apex; dorsal

surface with metallic sheen, at least on el-

ytron; elytron with punctures not larger than

head, pronotal punctures. Head broad;

clypeus short, truncate apically; anterior an-

gle broadly rounded. Eye very coarsely fac-

eted, small; eyes separated by 4 times width

of eye; gena broadly extended onto eye

forming shelfdividing eye nearly in half (Fig.

13). Antenna 10-segmented; club 3-seg-

mented; insertion concealed. Terminal seg-

ment of maxillary palpus elongate, slender,

distinctly tapered apically. Epipleuron nar-

row, abruptly descending externally, with

shallow depression for reception of femoral

apices. Prostemum with coxae very narrow-

ly separated by prostemal process, apex of

prostemum scoop shaped, partially con-

cealing mouthparts (Fig. 12). Leg with fe-

mur robust, grooved for reception of tibia;

tibia modified, anterior, middle tibiae

broadly expanded with sharp angulation on

outer margin (Fig. 14), posterior tibia not

expanded, with slight external angulation;

tarsus cryptotetramerous; tarsal claw sim-

ple, lacking tooth. Abdomen with 5 visible

sterna; 1st sternum with incomplete post-

coxal line joining hind margin of sternum.

Genitalia not examined. Presence or ab-

sence of membranous wings not deter-

mined.

Type species: Parinesa whiteheadi, new
species.

Parinesa is similar to Glomerella in hav-

ing the eye broadly divided, the prostemum
apically expanded, the epipleuron foveate,

the anterior pair of tibiae modified, and ab-

domen with 5 visible stema. Parinesa dif-

fers from Glomerella in having the body less

convex, the pronotum without pubescence,

the clypeus anteriorly truncate with broadly

rounded angles, and the anterior and middle

tibiae externally dentate. Only a single spec-

imen has thus far been seen and it was not

dissected, therefore the genitalia, antenna,

and mouthparts are not illustrated and pres-

ence or absence of membranous wings not

determined. Habitat and food preferences

are unknown.

The generic name is an arbitrary com-

bination of letters and the gender is femi-

nine.

Parinesa whiteheadi, New Species

Description: Holotype female, length 1.25

mm, width 0.90 mm. Elytron black with

faint metallic blue sheen; head, pronotum

dark brown except clypeus light reddish

brown; antenna, mouthparts, leg, 5th ab-

dominal stemum yellow, remainder of ven-

ter dark reddish brown. Head finely aluta-

ceous, somewhat shiny, punctures fine,

indistinct, separated by about a diameter.

Pronotum finely alutaceous, shiny, punc-

tures barely visible. Elytron smooth, pol-

ished, punctures extremely fine, shallow,

barely visible. Genitalia not examined.

Type material: Holotype; Dominican Re-

public, 5.22.36, S. Francisco - 8073, E.G.

Decker (USNM).
Remarks: Named for my old friend and

companion, Donald R. Whitehead.
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Abstract.— T\it taxonomic history of the family Phaenocephalidae is reviewed. This

family currently consists of two species, Phaenocephalus castaneus Wollaston and P.

coomani Paulian, described from Japan and Viet Nam respectively. The genus is rede-

scribed and selected structures are illustrated. The relationship of this enigmatic family

to other beetles has been disputed for years. The uncertainty of its phylogenetic position

has been due, in part, to the fact that type material has been unavailable for study for

forty years or more. After examining types in collections in London and Paris it seems

that these two species, previously attributed to a separate family, should be placed in the

Phalacridae.

Key Words: Coleoptera, Cucuioidea, Phaenocephalidae, Phalacridae

The Phaenocephalidae is one of the

smallest families of Coleoptera, with only

two species described, as well as one of the

most enigmatic. Ever since this family was

described nearly 100 years ago there have

been few published reports for these beetles.

While studying types and other material of

Cucujoidea recently in London and Paris, I

was able to locate specimens of Phaenoce-

phalidae that have likely been unavailable

for study for forty years or more. Phaeno-

cephalus was not listed in the generic list of

Coleoptera at The Natural History Muse-

um, London, and the material at the Mu-
seum National d'Histoire Naturelle, Paris

was among Paulian's dissections of Cory-

lophidae which were until recently consid-

ered lost or destroyed. It seems appropriate

to now review the taxonomic history ofthese

beetles, redescribe the genus, illustrate im-

portant structural features, and discuss the

phylogenetic position of this family.

Wollaston (1873) described Phaenoceph-

alus castaneus as a corylophid based upon

a single specimen from Japan. He thought

it was most similar to Corylophus Stephens

but grouped Phaenocephalus with Sacium

LeConte and Microstagetus Wollaston based

upon their 1 1 -segmented antennae. Mat-

thews (1899) established a new family,

Phaenocephalidae, for Wollaston's species

and provided a more detailed description

and some illustrations. Both authors em-

phasized the large, deflexed head and an-

teriorly emarginate edge of the pronotum

in Phaenocephalus. Matthews, however,

thought these features, as well as others, were

sufficient to exclude this species from Cor-

ylophidae. He speculated that Phaenoce-

phalidae was a link between Corylophidae

and Silphidae.

Paulian (1950) described another species

oi Phaenocephalus, P. coomani, from Viet

Nam and illustrated a few structures. In a

footnote he indicated that he had seen ad-

ditional material of an undetermined spe-

cies o{Phaenocephalus from Sumatra; I was

unable to locate this material. I did find,

however, a specimen labelled as Phaeno-

cephalus sp. from Viet Nam, but this is re-
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ally a species of Orthoperus Stephens (Cor-

ylophidae).

There are few subsequent references to

this family, and these were presumably made
without referring to type material. Crowson

(1955) treated Phaenocephalidae as Cole-

optera incertae sedis, Lawrence (1982) con-

sidered this family synonymous with Phal-

acridae, and Sasaji (1985) included a

photograph of Phaenocephalus castaneus

and treated it as a distinct family of Cucu-

joidea.

The quality of preserved material for this

family is extremely poor. Wollaston's type

o^Phaenocephalus castaneus is virtually lost;

the only parts that I could find were the

labium and a maxilla mounted in balsam

on an acetate card. These structures agree

with Matthews's (1899) illustrations. All of

Paulian's material, including the type of P.

coomani, were poorly mounted on slides

and still in glycerin jelly. These specimens

have been removed from their slides and
transferred to glycerin-filled microvials.

There are few features that can be compared
to Wollaston's or Matthews's descriptions

of P. castaneus.

I have examined the following material

of Phaenocephalus:

P. castaneus.—The labium and a maxilla

ofthe holotype. The number and date "759/

Aug 5 1885," written by Matthews, is at-

tached to the pin. Two slide-mounted spec-

imens from Japan were used for Paulian's

(1950) monograph. One specimen is rep-

resented by the head only. Paulian (in litt.,

1990) never examined Wollaston's type, so

these may not be conspecific. The specimen

that Paulian listed from Formosa in the

Grouvelle collection was not found. I have

an additional specimen from Japan identi-

fied by H. Sasaji. Most of the illustrations

included in this paper were made from this

specimen and compared to previously pub-

lished descriptions and illustrations. This

specimen is in my collection.

P. coomani.—The slide-mounted type

described by Paulian was the only material

available. This type consists ofthe head and
prothorax; the rest of the specimen appears

to be lost. This is likely a syntype since Pau-

lian lists the size ofthis species as 1.15-1 .20

mm long, suggesting more than one speci-

men was used for his description. I am not

designating a lectotype with the hope that

the remaining type material for this species

will eventually be located.

Redescription of

Phaenocephalus Wollaston

The following description is based upon
the material listed above. Certain features,

such as total body length, were taken from

descriptions. Most details are described from

the specimen of the putative P. castaneus

that is in my collection. Every eifort was

made to compare these features to previ-

ously published descriptions and illustra-

tions, as well as the preserved material listed

above. It is possible that this description is

inaccurate since the type of the type species

of this genus is almost entirely lost. In gen-

eral, this agrees with Matthews's (1899) de-

scription, except that the mesocoxal cavities

are clearly closed and the ventrites are sub-

equal in length.

Description. — Length 1.15-1.70 mm.
Body ovate, about 1.3 x longer than wide,

light brown, glabrous, shiny; dorsum con-

vex, venter flat.

Head (Fig. 3) transverse, widest at eyes.

Eye on antero-lateral margin of cranium.

Fronto-clypeal suture absent, clypeus

strongly declivious anteriorly. Antenna 1 1-

segmented with 3-segmented club, apical

club segment elongate, subequal in length

to basal two club segments combined; an-

tennal groove indestinct. Labrum (Fig. 4)

transverse, sclerotized, on different plane

from clypeus; tormae (Fig. 4) elongate,

slightly longer than labrum, fused apically

with labial rods, with mesal arms directed

anteriorly; epipharyngeal rods (Fig. 4) sub-

equal in length to mesal arms of tormae,

fringed with setae mesally. Mandible (Fig.

5) bifid apically; mola well-developed; pros-
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theca broad, fringed with hairs, with a small

basal tuft of setae. Maxilla (Fig. 6) with

4-segmented palp, segment 4 longest; galea

broad, distigalea with dorsal membranous
area basally, with broad brush of elongate

setae apically; lacinia narrow, bifid apically.

Labium (Fig. 8) with 3-segmented palp, seg-

ments 2 and 3 subequal in length; mentum
transverse, anterolateral angles produced;

prementum mostly membranous, basal

sclerite small, ligula large, divergent apically

with distinct lobes, labial rods elongate,

fused apically with tormae. Gular sutures

indistinct. Tentorium reduced, represented

by vestigial anterior arms only.

Pronotum (Fig. 1) transverse, about 0.4 x

longer than wide, anterior edge with deep

U-shaped emargination, posterior edge with

large medial lobe, lateral edges convergent

anteriorly, with smooth margins. Proster-

num reduced anteriorly; intercoxal process

narrow, elevated, deflexed apically. Procoxa

globose, with long internal extension, its

cavity internally closed, externally widely

open. Mesostemum between coxae sub-

equal in width to mesocoxal cavity, without

femoral lines, junction of meso- and meta-

stemum straight-line type, without internal

knobs. Mesocoxa globose, trochantin con-

cealed, its cavity laterally closed. Metaster-

num twice as wide as long, without femoral

lines, with medial line extending to middle,

with posterior edge deeply notched medi-

ally. Metacoxa large, transverse, almost

contiguous. Metendosternite with furcal

arms divergent at about 90 degree angle,

anterior tendons short, curved laterally at

apex. Leg with trochanter small, subtrian-

gular; femur widest at middle, progressively

longer posteriorly, fore and midfemur
slightly longer than tibia, hind femur sub-

equal in length to hind tibia; tibia elongate,

subcylindrical, with numerous stout spines,

especially along posterior edge, tibial spur

formula 1-2-2, fore spur short, stout, barely

longer than tibial spines, midspurs distinct,

unequal in length, hindspurs distinct, sub-

equal in length; tarsi (Fig. 7) 4-4-4, all tarsi

subequal in length, segments 1-3 distinctly

lobed, 4 elongate, subequal in length to 1-

3 combined; claws with large, broad tooth

at base, empodium absent. Scutellum small,

triangular. Elytra about 3.2 x longer than

pronotum, punctation minute, distinctly se-

riate, with 9 intemeurs, intervals smooth

except for extremely fine, seriate punctures;

epipleuron large, strongly angled, complete.

Wing (Fig. 2) with venation reduced, cells

and a subcubital fleck absent, with 2 anal

veins, jugal lobe present.

Abdomen with 7 spiracles; 5 ventrites

subequal in length, first with large, narrow

intercoxal process; femoral lines absent; all

ventrites free; 2-5 with small, anterolateral

internal apodemes. Male genitalia with teg-

men (Fig. 9) elongate, with apical subtrian-

gular sclerite deeply emarginate medially,

median lobe (Fig. 10) weakly sclerotized.

I agree with Lawrence's (1982) decision

to synonymize Phaenocephalidae with

Phalacridae, although he did this based upon

published information only (J. F. Lawrence,

pers. comm.). In general habitus, Phaeno-

cephalus is certainly a typical phalacrid. Its

lack of a fronto-clypeal suture, maxilla with

distinct lacinia and galea, broadly open pro-

coxal cavities, laterally closed mesocoxal

cavities, 4-4-4 tarsi distinctly lobed with

dentate claws, and subequal ventrites are

sufficient to exclude Phaenocephalus from

all other families ofCucujoidea except Phal-

acridae. With the shape of the tegmen and

the almost completely reduced tentorium it

seems that this genus can easily be included

in this family. Moreover, I have observed

elongate tormae fused apically with elongate

labial rods only in other phalacrids. This

condition has not, to my knowledge, been

reported previously for cucujoids. It may be

related to the reduced tentorium or it may
be a useful phylogenetic character at another

level.

The only other phalacrid with similar tar-

si and tarsal claws is the Australian Phal-

acrinus Blackburn. Species that I examined,

however, are larger that Phaenocephalus, the
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Figs. 1-10. Phaenocephalus castaneus. 1, Pronotum. 2, Wing. 3, Cranium, ventral. 4, Labrum, left side

ventral, right side dorsal. 5, Mandible. 6, Maxilla. 7, Tarsus. 8, Labium. 9, Tegmen. 10, Median lobe.
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elytral punctures are more distinct, without

punctation on the intervals, and the lateral

margins of the elytra are distinctly and

sometimes broadly explanate. It is likely that

these two genera are sister groups or that

they should eventually by synonymyzed.

Although the phylogenetic importance of

some of these features is still uncertain, it

is reasonable to include Phaenocephalus in

Phalacridae until a comprehensive phylo-

genetic arrangement of this family is pro-

posed. Even with such a system, the precise

position of this genus will be tentative until

the remainder of the types are discovered.

Then we may more confidently discuss the

placement of Phaenocephalus by utilizing

specimens that have been compared with

this material.
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Abstract. —Synonyms, lectotype designations, holotype recognitions and taxonomic notes

are provided for North American Byrrhidae not treated elsewhere. Twenty-one names
are reduced to junior synonym status, three junior synonyms are recombined, and one

name is moved from subspecies to species status. Lectotypes are designated for 1 1 species

described by T. L. Casey, G. H. Horn, J. L. LeConte, and W. F. Erichson. Holotype data

is given for all species not previously reviewed. Byrrhus pilula L. is newly recorded from
Canada, and Sierraclava cooperi Johnson is newly recorded from Mexico. A key is pre-

sented for the identification of the subfamilies, genera, and species of Byrrhidae known
to occur in North America.
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The taxonomy of the North American
Byrrhidae has not been fully treated since

Casey (1912) monographed the family. Ca-

sey described 46 species and subspecies, of

which I consider 3 to be valid. In contrast,

he described 6 genera and all are considered

valid. Since Casey's monograph, Sierracla-

va (Johnson 1982) has been the only genus

added, 5 new species have been described

(Johnson 1985, 1986, 1991), 2 have been

species recognized and reported as immi-
grants from Europe (Johnson 1 990), and one

additional species is herein newly reported

as a member ofthe North American byrrhid

fauna.

During the course of continuing taxo-

nomic and ecological studies on the Byr-

rhidae, a number of synonymies, lectotype

designations, and name corrections were

found to be necessary, and which could not

be incorporated into revisionary studies in

a timely manner. In addition, Byrrhus pilula

L. is now recorded from North America for

the first time, Sierraclava cooperi Johnson

is newly reported from Mexico, and a key

to the known and recognized taxa in North

America is provided. These data are pro-

vided here due to delays in preparing an

adequate monograph on the North Amer-
ican byrrhids, and the need to complete no-

menclatorial clarifications for final prepa-

ration of the Byrrhidae fascicle for the

United States Department of Agriculture

Coleoptera Catalog (R. D. Gordon, editor),

as well as clarifying names for use by other

workers.

Generally, only new synonymical data is

presented here unless inclusion of previous

synonymies is felt pertinent for clarity. Fur-

ther, only the more important taxonomic

and faunistic references are cited under each

synonymy. Synonymical data and com-
ments in Simplocaria are presented else-

where (Johnson, submitted).

Types mentioned are reposited in the fol-

lowing institutions: Museum of Compara-
tive Zoology, Cambridge (MCZ); U.S. Na-

tional Museum of Natural History,

Washington, D.C. (USNM); Zoologisches

Museum Humboldt-Universitat, Berlin,
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DDR (ZMHU); The Natural History Mu-
seum, London (BMNH); Canadian Nation-

al Collection, Ottawa (CNC); and the Car-

negie Museum of Natural History,

Pittsburgh (CMNH). All specimens person-

ally examined have my own handwritten

designation or determination labels at-

tached. Types of all species have been ex-

amined except where noted.

Amphicyrta chrysomelina Erichson

Amphicyrta chrysomelina Erichson 1843:

40, of Casey 1912: 64, Hatch 1961: 301

(pars). Holotype, female: "9438; TYPUS;
chrysomelina, Koching Mont., Oregon,

Willcox; Zool. Mus. Berlin" (ZMHU).
Amphicyrta chrysomelina oblonga Casey

1912: 64 New Synonym. Holotype, fe-

male: "Cal; Casey bequest 1925; Type

USNM 48378; oblonga Csy" (USNM).
Amphicyrta chrysomelina parvuliceps Casey

1912: 65 New Synonym. Holotype, male:

"Cal; Casey bequest 1925; Type USNM
48379; parvuliceps Csy" (USNM).

Casey's specimens of A. oblonga and A.

parvuliceps are typical examples of v4. chrys-

omelina. Several hundred specimens o{ A.

chrysomelina have been examined from

throughout its range, and I can find no mor-

phological or bionomical evidence for seg-

regating local populations into several spe-

cies or subspecies. Coloration differences

noted by Casey ( 1 9 1 2) are the same seen by

specimens discolored by decomposing fatty

tissues or specimens subjected to prolonged

exposure to killing agents such as sodium

cyanide.

Amphicyrta dentipes Erichson

Amphicyrta dentipes Erichson 1843: 40,

Casey 1912: 65. Lectotype, sex not con-

firmed: "9437; TYPUS; Amphicyrta den-

tipes Esch., Califom. Esch.; Amphicyrta
Esch. Er.; Zool. Mus. Berlin 1984"

(ZMHU). Paralectotype: "California

Eschsch. Nr. 9437; TYPUS; Zool. Mus.

Berlin" (ZMHU).

Amphicyrta chrysomelina (pars) of Hatch

1961: 301.

Amphicyrta elongata Casey 1912: 65 New
Synonym. Holotype, female: "Cal; Casey

bequest 1925; Type USNM 48380; elon-

gata Csy" (USNM).
Amphicyrta gentilis Casey 1912: 66 New
Synonym. Lectotype here designated, sex

not confirmed: "Cal; Casey bequest 1 925;

Type USNM 48381; gentilis Csy"
(USNM). Paralectotypes: 4, same data

(USNM).
Amphicyrta gentilis ventricosa Casey 1912:

66 New Synonym. Holotype, female:

"Cal; Casey bequest 1925; Type USNM
48382; ventricosa Csy" (USNM).

Amphicyrta nevadensis Casey 1 9 1 2: 66 New
Synonym. Holotype, female: "Nev.; Cas-

ey bequest 1925; Type USNM 48383;

nevadensis Csy" (USNM).

Amphicyrta dentipes is a highly variable

species in size and coloration, and these were

the primary traits considered by Casey. None
ofthe character states involving size or color

are useful for unequivocal delimitation of

species or subspecies. Variations examined

do suggest some geographic regionalization,

but there is extensive intergradation.

Lioligus nitidus (Motschulsky)

Simplocaria nitida Motschulsky 1845: 362,

ofMannerheim 1852: 341, LeConte 1854:

1 16. Type not seen; probably lost (Kelen-

ikova, in Htt.)

Lioligus nitidus (Motschulsky), of Casey

1912: 62, Hatch 1961: 300.

Lioligus keeni Casey 1912: 61, of Hatch

1 96 1 : 30 1 New Synonym. Lectotype here

designated, male: "Metlakatla, B. Col.,

Keen; Casey bequest 1925; Type USNM
48385; keeni Csy." Paralectotypes: 3,

same data (USNM).
Lioligus striolatus Casey 1 9 1 2: 6 1 , of Hatch

1961: 300 New Synonym. Lectotype here

designated, female: "Metlakatla, B. Col.,

Keen; Casey bequest 1925; Type USNM
48384; striolatus Csy." Paralectotypes: 11,

same data (USNM).
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Lioligus aequabilis Casey 1912: 62, syn-

onymy by Hatch 1961: 301. Holotype,

female: "Br. C; Casey bequest 1925; Type
USNM 48386; aequabilis Csy." (USNM).

Specimens attributable to L. nitidus have

been examined from throughout the com-
posite range of its synonyms and I can find

no morphological or ecological justification

for recognizing more than one species.

Characters given by Casey in separating his

"species" are highly variable, and are minor
variations in sculpture, body dimensions,

and coloration.

Although the type has apparently been

lost, a neotype is not designated due to this

species being readily identified on morpho-
logical and distributional factors in con-

junction with Motschulsky's description and

denoted locality of provenance. There is no

available evidence suggesting nomenclatur-

al confusion.

Lioligus pallidus Casey

Lioligus pallidus Casey 1912: 62.

Lioligus nitidus, of Hatch 1961: 301. Lec-

totype here designated, sex not con-

firmed: "ID.; Casey bequest 1925; Type
USNM 48387; pallidus Csy." Paralecto-

type: "Coeur d'Alene, Idaho" (USNM).

The pallid coloration of the type is due

to its teneral condition. Typical L. pallidus

specimens are piceous with an olivaceous

sheen dorsally, whereas L. nitidus is bril-

liantly viridescent or aeneo-viridescent.

Other traits for separating these two species

are in the key below.

Exomella pleuralis Casey

Exoma pleuralis Casey 1908: 282, of Casey

1912: 37.

Exomella pleuralis (Casey), of Casey 1914:

378, Hatch 1 96 1 : 299, Johnson & Russell

1978: 159, Johnson 1985: 155. Lectotype

here designated, sex not confirmed:

"Metlakatla, B. Co., Keen; Casey bequest

1925; Type USNM 48357; pleuraUs Csy."

(USNM). Paralectotypes: 10, same data

(USNM).

Two series of specimens with identical

labelling, less the bequest and cataloging la-

bels, are reposited in the CNC and the

BMNH. These may be syntypical with the

lectotype series, but are not so treated here

due to a lack of confirming evidence.

Morychus oblongus (LeConte)

Pedilophorus oblongus LeConte 1857: 39,

of Wickham 1903: 181.

Morychus oblongus (LeConte), of Casey

1912: 8, Hatch 1961: 295. Lectotype here

designated, male: "medium blue disc in-

dicating the Oregon Territory; Type 2293;

Pedilophorus oblongus LEC, acuminatus
7^ LEC." (MCZ). Paralectotype: same data

(MCZ).

Morychus insulsus Casey 1912: 8, synony-

my by Hatch 1961: 295. Holotype, sex

not confirmed: "Vernon, B.C., VI, Ven-

ables; Casey bequest 1925; Type USNM
48324; insulsus Csy" (USNM).

Pedilophorus subcupreous Fall 1907: 225.

Morychus subcupreous (FaW), ofCasey 1912:

9, synonymy by Hatch 1961: 295. Ho-
lotype, male: "Aberdeen, Wash.; subcu-

preous TYPE; MCZ Type 24474; H.C.

Fall Collection; Pedilophorus subcu-

preous Fall" (MCZ).

Morychus insulsus represents a blue-green

color variant of the typical M. oblongus

which is rarely seen in living material, but

is commonly induced by prolonged expo-

sure to sodium cyanide. The type ofM sub-

cupreous is only a slightly larger and slightly

less brilliantly aeneous representative ofM
oblongus.

Morychus aeneolus (LeConte)

Pedilophorus aeneolus LeConte 1863: 74, of

Wickham 1903: 181.

Morychus aeneolus (LeConte), of Casey

1912: 8. Holotype, female: "Neb.; Pedi-

lophorus aeneolus LEC; Henry Ulke Coll.

CMNH Ace. No. 1645" (CMNH).
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Pedilophorus subsetosus Fall 1907: 225 New
Synonym.

Morychus subsetosus (Fall), of Casey 1912:

14, Hatch 1961: 295. Holotype, female:

"Kalispell, Mont., June 13, Wickham;
subsetosus TYPE; Type MCZ 24475; H.C.

Fall Collection; Pedilophorus subsetosus

Fall" (MCZ).

Pedilophorus lateralis Fall 1907: 225 New
Synonym.

Morychus lateralis (Fall), of Casey 1912: 9.

Holotype, female: "N.M., Las Vegas, head

ofDaily Can.; 6.26.0 1 ; T.D.A.C; lateralis

TYPE; Type MCZ 24473; Pedilophorus

lateralis Fall" (MCZ).

Pedilophorus hesperus Wickham 1903: 182

New Synonym.
Morychus hesperus (Wickham), of Casey

1912: 9. Holotype, female: "Leadville,

Col., H.F. Wickham, July 7-14 96,

10,000-11,000 ft.; Wickham Collection

1933; TYPE; Pedilophorus hesperus

Wickham" (USNM).
Morychus albertanus Brown 1932: 8 New
Synonym. Holotype, sex not confirmed:

"Crow's Nest Pass, Alberta, June 7, 1 930,

J.H. Pepper; No. 3246" (CNC).

The various synonyms for this species re-

flect slight variations of integument color

and patterns of pubescence. Minor sculp-

tural variations occur, but none correlate

with discreet populations. Slight variations

and distributional patterns ofgenitalic char-

acters and pubescence support the synon-

ymies, but also suggest the presence ofclines

over large geographic areas.

Byrrhus cyclophorus Kirby

Byrrhus cyclophorus Kirby 1837: 1 17, of El

Moursy 1970: 329. Holotype, female:

"Type; N.Amer.; 5828a; Byrrhus cy-

clophorus Kirby, N. Amer., 5828, Rev.

Wm. Kirby (BMNH).
Byrrhusfasciatus, ofEl Moursy 1970: 330

New Combination.

The application of the name B. fasciatus

is here restricted in its application only to

North American Byrrhus determined as such

by El Moursy (1970) and previous catalog-

ers (Hamilton 1894a, b; Dalla Torre 1911;

Leng 1920). Interestingly, neither ofthe mo-
nographers of North American Byrrhidae,

LeConte (1854) or Casey (19 12), applied the

name B. fasciatus to any native species. El-

Moursy had incorrectly recognized B. fas-

ciatus as occurring in North America, for

reasons unknown to me. My examination

ofthe type of5. cyclophorus and conspecific

specimens from throughout North Ameri-

ca, typical B. fasciatus from Europe, and

reference to taxonomic treatments by John-

son (1966), Paulus (1979), and earlier au-

thors, clearly shows the regional misappli-

cation of this name.

Byrrhus geminatus LeConte

Byrrhus geminatus LeConie 1854: 114, of

El Moursy 1970: 330, Fiori 1982: 437.

Holotype, female: "Light blue disc with

two converging tangential cuts indicating

the northern shore of Lake Superior; Type

2297; B. geminatus LEC, L. Sup." (MCZ).

Byrrhus pettiti Horn 1870: 76, synonymy
by El Moursy 1970: 330, Fiori 1982: 438.

Lectotype here designated: Female; "Can.;

B. pettiti Horn; Lectotype 3260" (MCZ).

Paralectotype: same data (MCZ).

Neither El Moursy (1970) or Fiori (1982)

examined the type material of5. pettiti, and

did not designate a type; however, they did

correctly synonymize it with B. geminatus.

The label reading "Lectotype 3260" is ap-

parently a cataloging label and has no tax-

onomic standing, and was apparently placed

on the specimen while the Horn Collection

was held by the Academy of Natural Sci-

ences, Philadelphia (A. Newton, pers.

comm).

Byrrhus kirbyi LeConte

Byrrhus kirbyi LeConte 1854: 114, of El

Moursy 1970: 331. Holotype, female:

"light blue disc with two converging tan-

gential cuts indicating the northern shore

of Lake Superior" (MCZ).
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Byrrhnsfulvovestitus Casey 1912: 27, of El

Moursy 1970: 329. New Combination.

Neither LeConte nor any subsequent

worker labelled the above designated spec-

imen of B. kirbyi in a manner indicating its

identity or status. The entire byrrhid series

in the LeConte collection was examined and

only one specimen was found which fit

LeConte's description and possessed the

correct label for the type locality. The spec-

imen had been placed next to specimens of

B. concolor Kirby and Porcinolus undatus

(Melsheimer) in an unlabelled series, pos-

sibly for comparative purposes. This spec-

imen is herein considered LeConte's unique

type of B. kirbyi, and has been so labelled.

El Moursy (1970) provided a lectotype

designation, but incorrectly syonymized B.

fulvovestitus with B. cyclophorus, apparently

under the impression that Byrrhus females

are not determinable to species. Casey's

specimens are badly rubbed and slightly

narrow in form, but otherwise are typical B.

kirbyi.

Byrrhus pilula Linnaeus

Recently, a series of Byrrhidae from
northern Canada was gifted, with a request

for determination by J. Pilny, Waterloo

University, Ontario. Included were 78 spec-

imens of a Byrrhus which could not be ac-

curately assigned to any described or re-

corded North American species; however,

its close affinity with B. americanus Le-

Conte was evident. Further investigation has

shown that these specimens are conspecific

with examples of B. pilula, of British and
Austrian provenance.

North American specimens ascribed to B.

pilula have been seen from the following

locality: Canada, Northwest Territories,

Keewatin, Lat +62.41 Long +97.03, What-
ever Lake, June 1989. All specimens were

collected by pitfall traps in tundra and ri-

parian habitats. Specimens are in my col-

lection and representatives will be depos-

ited in the USNM and CNC.

Until now, B. pilula has been considered

only a Eurasian species (Dalla Torre 1911,

Winkler 1926, Fiori 1951, Horion 1955,

Bonadona 1975). The lack of previous rec-

ognition of this species in North America
is ascribed to inadequate series of material,

especially males, and to the failure of the

most previous byrrhid workers to appreci-

ate the potential of Holarctic distributions

in the family (see also Johnson, submitted).

Further complication of determination can

be ascribed to a close relationship of B. pi-

lula and B. americanus, as indicated by ae-

deagal morphology, and a general difficulty

of correlating unassociated Byrrhus females

with males; this latter difficulty may also

help explain occasional confounding of B.

pilula with B. cyclophorus by previous

workers.

Porcinolus undatus (Melsheimer)

Byrrhus undatus Melsheimer 1844: 1 17.

Byrrhus murinus Fabricius 1794: 437, of

LeConte 1854: 115.

Porcinolus undatus (Melsheimer), of Casey

1912: 33. Holotype, female: "Melsh.; un-

datus M.; murinus; [red torn paper]"

(MCZ).

Byrrhus glabellus Melsheimer 1844: 1 17, of

Casey 1912: 33. Holotype, sex not con-

firmed: "Melsh.; glabellus *Melsh.; [red

torn paper]" (MCZ).

Porcinolus crescentifer Casey 1912:32 New
Synonym. Holotype, sex not confirmed:

"Baldwin, Kansas; Casey bequest 1925;

Type USNM 48354; crescentifer Csy"

(USNM).
Porcinolus hystrix Casey 1912: 33 New
Synonym. Lectotype here designated, sex

not confirmed: "Aweme, Manitoba, S.

Criddle, 23.VL10; Casey bequest 1925;

Type USNM 48355; hystrix Csy." Para-

lectotype: same data (USNM).

All of the Melsheimer and Casey names
represent simple color pattern variations of

the pubescence. Porcinolus undatus is dis-

tributed from the Atlantic coast to the east-
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era slopes of the Rocky Mountains, with

the westera specimens being slightly small-

er. The transelytral crescentiform pattern is

highly variable from well colored and con-

tiguous to indistinctly colored and broken

in outline.

Cytilus alternatus (Say)

Byrrhus alternatus Say 1825: 186, of Le-

Conte 1854: 115.

Cytilus alternatus (Say, of LeConte 1870:

398, Casey 1912: 18. Type not found, pre-

sumed lost (LeConte 1859, Lindroth &
Freitag 1969).

Byrrhus trivittatus Melsheimer 1844: 117,

original synonymy by LeConte 1 854: 115,

LeConte 1877: 108, Casey 1912: 18,

Hatch 1961: 297. Holotype, sex not con-

firmed: "Melsh.; varius; red torn paper;

trivittatus 'Melsh.' " (MCZ).

Cytilus nigrans Casey 1912: 19 New
Synonym. Holotype, female: "Little Riv-

er, Colroy, NFLD, July 10-18 '07; Casey

bequest 1925; Type USNM 48331; ni-

grans Csy" (USNM).

My interpretation of C. alternatus is based

on LeConte's understanding of this species

as represented by his specimens at the MCZ.
The type of Cytilus nigrans is badly rubbed

of pubescence, as noted by Casey (1912),

while that of C. trivittatus lacks aeneous or

viridescent elytral patches. Otherwise these

specimens are typical examples of C. alter-

natus.

Cytilus mimicus Casey

Cytilus mimicus Casey 1912: 18 New
Status.

Cytilus alternatus mimicus CdiSty 1912: 18.

Lectotype here designated, sex not con-

firmed: "Cal.; Casey bequest 1925; Type
USNM 48329; mimicus Csy" (USNM).
Paralectotypes: 2, same data (USNM).

Cytilus alternatus longulus Casey 1912: 18,

Hatch 1961: 297 New Combination.
Lectotype here designated, sex not con-

firmed: "W.T.; Casey bequest 1925; Type

USNM 48330; longulus Csy" (USNM).
Paralectotypes: 10, same data (USNM).

Cytilus mimicus differs from C alternatus

by its larger size and more elongate form,

slight differences in aedeagal structure, and

habitat. This proposed new status for C
mimicus is an attempt at better recognition

of two ecologically segregated, but geo-

graphically sympatric forms of Cytilus in

North America, which are difficult to di-

agnose morphologically. Considerable ef-

fort is still required for a full evaluation of

both species and their relationship to Eur-

asian species.

Curimopsis echinata (LeConte)

Syncalypta echinata LeConte 1850: 224, of

LeConte 1854: 114.

Curimopsis echinata (LeConte), of Casey

1912: 34, Johnson 1986: 42. Holotype,

female: light blue disc indicating the Lake

Superior region (MCZ).

Curimopsis brevicollis Casey 1912: 35, of

Hatch 1961: 299, synonymy noted by

Johnson 1986: 42. Holotype, male: "W.T.;

Casey bequest 1925; Type USNM 48356;

brevicollis Csy." (USNM).

Morphological differences between C
brevicollis and C echinata used by Casey

(1912) seem to be allometric and sexual.

The identical aedeagi and female gonocox-

ites of the types and other specimens sup-

port this synonymy.

Curimopsis albonotata (LeConte)

Syncalypta albonotata LeConte 1861: 344.

Curimopsis albonotata (LeConte), of Casey

1912: 34, Hatch 1961: 299, Johnson 1 986:

42. Holotype, female: "W.T.; S. albono-

tata LLC; Type 2302" (MCZ).

Syncalypta grisea LeConte 1879: 514.

Curimopsis grisea (LeConte), ofCasey 1912:

35, synonymy noted by Johnson 1986:

42.

Curimopsis brevicollis. Hatch 1961: 299.

Holotype, female: "Garland, Col., 19.6;

376; S. grisea LEC; Type 2300" (MCZ).
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It is difficult to understand why LeConte

did not observe the quite obvious similarity

of these two species. His own descriptions

indicate only minor color shading and size

differences between the specimens, and di-

rect comparison reveals these same differ-

ences. Conspecificity is supported by genital

morphology.

Sierraclava cooperi Johnson

This species was originally recorded

(Johnson 1 982) from the vicinity ofSequoia

National Park, in the southern Sierra Ne-
vada, Cahfomia, U.S.A. Since then, addi-

tional material has accumulated from 8 new
disparate locations through central and
southern California, as well as a new coun-

try record from Baja California Norte, Mex-
ico. These new records [abbreviated data]

are: U.S.A., California, Amador Co., Elec-

tra, Mokelumne River; Calaveras Co., 3 mi
south of Mokelumne Hill; Fresno Co., 3 mi
northeast ofAuberry, 8 mi southwest ofAu-
berry, and 9 mi east of Coalinga; Riverside

Co., Lamb Canyon, 2 mi northwest of Gil-

man Hot Springs; San Benito Co., 18.4 mi
northwest of New Idria, and 1.8 mi south-

west of[New] Idria; Mexico, Baja California

Norte, 10.7 km east of El Rosario, Lat

+ 30.04.35 Long +1 15.38.25, 1 1.7 km east

of El Rosario, Lat +30.04.30 Long
+ 115.37.55, and 14.7 km east of El Rosa-

rio, Lat + 30.04. 1 Long + 1 1 5.36.00. Most
specimens were collected in pitfall traps

during late winter and spring months. Cal-

ifornia specimens were collected largely by
the staff of the California Department of

Food and Agriculture, Sacramento, and the

Mexico specimens by William H. Clark,

College of Idaho, Caldwell.

The apical portion of the penis of the

Mexican specimens is much less broadened

and spatulate than of northern specimens
from Sierran localities, and specimens from
Coast Range sites are intermediate in penial

form. Coast Range and Mexican specimens
have been found in desert or semidesert

communities dominated by Juniperus-Ar-

temisia scrub, Adenostoma chaparral, or

mixed sarcophyllous scrub, while Sierran

specimens were found in Quercus-Pinus

woodlands. Whether the morphological and
habitat differences can be refined to indicate

two allopatric species is still being investi-

gated.

Key TO THE Adults of

North American Byrrhidae

la. Antennae filiform, compressed; palps with

ultimate segment securiform; appendages not

retractile; tarsomere 3 with large fleshy lobe;

integument appearing glabrous, rufocasta-

neus to piceous Amphicyrtinae 2

lb. Antennae short, clavate or capitate; palps

with ultimate segment fusiform or pyri-

form 3

2a. Usually larger, 8-12 mm, elongate; integu-

ment usually rufocastaneus with metallic cu-

preous sheen, occasionally with viridescent

reflections; coastal coniferous forests of Or-

egon and northern California

Amphicyrta chrysomelina Erichson

2b. Usually smaller, 5-10 mm, ovoid, occasion-

ally inflated posteriorly; integument rufo-

piceous to piceous, without metallic sheen;

prairies and oak-pine woodlands of central

California and southwestern Oregon

Amphicyrta dentipes Erichson

3a. Antennae capitate; body small (0.9-2.6 mm),

shallowly to moderately convex; appendages

closely retractile; dorsum with clavate or

truncate bristles Syncalyptinae 4

3b. Antennae clavate; body various (1.9-8.7

mm), moderately to strongly convex; ovate

to elongate; appendages not or partially re-

ceived into fossae; dorsum with decumbent

to erect fine setae Byrrhinae 10

4a. Length 2.4-3.2 mm; ovoid, dorsum with ap-

pressed scale-like setae and erect bristles . 5

4b. Length 0.9-2. 1 mm; ovate, strongly convex;

elytral striae punctate; dorsum with bristles

only; northern U.S. and southern Canada,

Europe Chaetophora spinosa (Rossi)

5a. Ovate to oval, shallowly to moderately con-

vex, lateral margins arcuate; striae on disc

shallowly impressed, or serially punctate . 6

5b. Elongate, strongly convex, parallel-sided; el-

ytra with striae deeply punctate and im-

pressed, sulciform; central and southern

California, Baja California Norte

Sierraclava cooperi Johnson

6a. Length 2.1-2.8 mm; subparallel laterally;

appressed squamae linear; median lobe of

aedeagus slender, narrowly acuminate api-
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cally; Alaska

Curimopsis setulosa (Mannerheim)

6b. Length 2.8-3.2 mm; oval in lateral outline; 13a.

aedeagus not as above 7

7a. Dorsal squamae round, set into round punc-

tures; 3.0-3.2 mm; subparallel laterally;

western and northern U.S., Canada

Curimopsis albonotata (LeConte) 1 3b.

7b. Dorsal squamae more-or-less linear to nar-

rowly subtriangular, emergent from small

usually barely evident punctures; usually

smaller 8

8a. Body oval, rounded laterally; striae not im- l^a.

pressed as lines or shallow sulci, usually rep-

resented by rows ofpunctures; south-central 1 4b.

U.S Curimopsis strigosa (Melsheimer)

8b. Body elongate, subparallel laterally; striae

narrowly, shallowly impressed, not evident- • 5a.

ly punctate 9

9a. Length 2.9-3.2 mm; appressed squamae

short, subtriangular; elytral apical declivity

long, gradually sloping; sutural stria at de- 15b.

clivity shallowly impressed; northeastern

U.S., Canada, Alaska

Curimopsis moosilauke Johnson 1 6a.

9b. Length 2.8-2.9 mm; appressed squamae

longer, linear; elytral apical declivity short-

er, abruptly sloping; sutural stria at declivity 1 6b.

distinctly and deeply impressed, sulcate;

northern U.S., Canada, Alaska

Curimopsis echinata (LeConte) 1 7a.

10a. Frontal margin beaded, occasionally re-

flexed and carinate; mesostemum strongly

reduced except for median fossa; palps with

ultimate segment fusiform to narrowly pyr-

iform; metacoxae small, distant from elytral

margin; elytra often connate 11

10b. Frontal margin rounded or truncate, never

reflexed, beaded or carinate; mesostemum 17b.

distinct laterad of median fossa; palps with

ultimate segment compressed or cylindri-

cally pyriform; metacoxae flattened, nearly

reaching elytral margin; elytra not connate 19

1 1 a. Elytra separate and metathoracic wings pres- 1 8a.

ent; integument rufopiceous to piceous, oc-

casionally with submetallic reflection; me-

socoxae moderately separated 12

lib. Elytra connate, metathorax apterous; me- 18b.

socoxae widely separated 14

12a. Form short, ovate, slightly depressed dor-

sally; elytral pubescence long, moderately 19a.

dense, evenly distributed; elytral stria be-

coming evanescent at midlength; northeast-

em U.S., southeastem and southwestern 19b.

Canada Simplocaria semistriata (F.)

12b. Form elongate, ovoid; elytral pubescence

tessellate; elytral striae complete or becom-

ing evanescent preapically 13

Length 3.5-^.5 mm; pronotal punctures fine

and sparse on disc; elytral striae becoming

evanescent towards apex; pubescence de-

cumbent; northem Canada, Greenland, Eur-

asia Simplocaria elongata J. Sahlberg

Length 2.8-3.5 mm; pronotal punctures

moderate on disc; elytral striae complete to

apex; pubescence recumbent to suberect;

northem U.S., Canada, Greenland, Eurasia

Simplocaria metallica (Sturm)

Pubescence simple, slender, fine; epipleura

flat; integument shining to metallic 16

Pubescence stout, recurved; epipleura deep-

ly emarginate to receive femoral knee; in-

tegument brunneous 15

Length 1.8-2.3 mm; lateral elytral margin

crenate anteriorly; coastal Oregon, Wash-

ington, British Columbia

Exomella pleuralis (Casey)

Length 2.3-2.4 mm; lateral elytral margin

smooth throughout; northem Idaho

Exomella merickeli Johnson

Epipleura broad, extending length of ely-

tron; dorsal integument piceous to oliva-

ceous, shining 17

Epipleura narrow, attenuating and termi-

nating before second visible abdominal ster-

nite; dorsal integument viridescent 18

Larger, 3.2-4. 1 mm, lateral margins inflated;

integument piceous, shining, occasionally

with submetallic reflections; pubescent sparse

to moderate, short to long; north-coastal

Califomia to southeastem Alaska, and west

of Cascade Range crest in Oregon, Wash-

ington, British Columbia

Lioon simplicipes (Mannerheim)

Smaller, 2.9-3.6 mm, lateral margins weakly

rounded; integument piceous, olivaceous,

without submetallic reflections; pubescence

moderately dense, long; northem Idaho . .

Lioon nezperce Johnson

Length 2.4-2.6 mm; dorsal integument bright

viridescent; west of Cascade Range crest in

Oregon, Washington, British Columbia . .

.

Lioligus nitidus (Motschulsky)

Length 2.2-2.4 mm; dorsal integument ol-

ivaceous with evanescent viridescent reflec-

tions; northem Idaho . . Lioligus pallidus Casey

Frontal margin tmncate and thickened; ab-

dominal stemite 1 without crural modifi-

cations 20

Frontal margin obtusely rounded; abdomi-

nal stemite 1 with distinct cmral depressions

or fossae 22
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20a. Form subparallel, moderately convex dor-

sally; piceous, without metallic patches or

reflections; pubescence long; decumbent,

with erect black setae; northern U.S., Can-

ada, Greenland . . . Tylicus subcanus (LeConte)

20b. Form ovoid to subparallel laterally, strongly

convex dorsally; piceous, frequently with cu-

preous or viridescent patches or intervals;

pubescence short, appressed, without erect

setae 21

21a. Form ovoid, short; integument rarely with

cupreous or viridescent patches; pubescence

black and cinereous, tessellate on alternate

elytral intervals; transcontinental

Cytilus alternatus (Say)

21b. Form elongate to subparallel; elytra usually

with viridescent patches or intervals; pu-

bescence pale cinereous, rarely tessellate;

montane western U.S. and Canada

Cytilus mimicus Casey

22a. Tarsomere 4 with membranous ventral lobe;

dorsal integument shining, usually virides-

cent and/or cupreous 23

22b. Tarsi simple; dorsal integument opaque or

shining, piceous to black 27

23a. Form ovate; aeneous to viridescent; punc-

tures obsolescent or coarse and forming ru-

gose patches on elytra; pubescence minute

or moderately long and patchy, usually mixed

cinerous and rufobrunneous 24

23b. Form subparallel; piceous with viridescent

reflections to cupreous; punctures fine to

moderate; pubescence moderately long,

evenly distributed 26

24a. Length 6.5-10.0 mm; dorsal punctures fine;

subglabrous, pubescence minute; aeneous to

viridescent, with elytra bearing distinct ae-

neous and viridiaeneous vittae; northern

Idaho, northeastern Washington, western

Montana, southeastern British Columbia

Eusomalia lecontei (Wickham)

24b. Length 3.2-4.0 mm; punctures coarse, pu-

bescence usually evident, moderately long 25

25a. Dorsal punctures small to moderately coarse,

simple, forming rugose patches with little

suggestion of strial formation, or smooth with

finely punctate striae on elytra; aeneous to

viridiaeneous, often vittate on elytra; north-

coastal California to Sitka, Alaska, west of

Cascade Range crest in Oregon, Washing-

ton, British Columbia

Listemus acuminatus (Mannerheim)

25b. Dorsal punctures large, coarse, umbilicate,

not condensing into rugose patches on ely-

tra; piceous, with only faint aeneous reflec-

tions; northern Idaho, northeastern Wash-

ington Listemus kootenai Johnson

26a. Integument piceous, frequently with viri-

descent reflection; punctures moderate to

dense; pubescence cinereous with dark brun-

neous patches; montane western U.S., Can-

ada Morychus aeneolus (LeConte)

26b. Integument aeneous to cupreous, occasion-

ally with viridescent reflections; punctures

fine to moderately dense, moderately to

sparsely distributed; pubescence mixed ru-

fobrunneous and cinereous; western U.S. and

Canada Morychus oblongus (LeConte)

27a. Form oval to subparallel, strongly convex

dorsally; pubescence simple, appressed ... 28

27b. Form ovate, shallowly convex dorsally; pu-

bescence including erect, bristle-like setae;

central and eastern U.S., southern Canada

Porcinolus undatus (Melsheimer)

28a. Pronotal and elytral integument shining be-

tween moderate sized punctures; sparsely and

finely microreticulate 29

28b. Pronotal and elytral integument dulled due

to dense, fine to coarse microreticulation or

micorugosities; punctures small, often oblit-

erated 32

29a. Pronotal punctures smaller, well separated

on disc by interspaces greater than own di-

ameter 30

29b. Pronotal punctures larger, separated by less

than own diameter; northern U.S., Canada

Byrrhus geminatus LeConte

30a. Punctures of head coarse, confluent, rugose;

similar but shallower on elytra 31

30b. Punctures ofhead large and shallow on frons;

deep and moderately dense on elytra; north-

em U.S., Canada . . Byrrhus cyclophorus Kirby

31a. Punctures on pronotal disc small, subequal

or only slightly larger in diameter than base

ofseta; northeastern U.S., southeastern Can-

ada Byrrhus americanus LeConte

3 1 b. Punctures on pronotal disc larger, 2-3 x

wider than seta; northern Canada, Eurasia

Byrrhus pilula L.

32a. Punctures on elytra larger, distinct; sculp-

turing weak 33

32b. Punctures on elytra minute, often obliter-

ated; sculpturing transverse, reticulate, mi-

crorugose, or undulating; northeastern U.S.,

Canada Byrrhus concolor Kirby

33a. Length >6.5 mm; elytral punctures smaller,

dense but separated, rarely rugulose; north-

em and western U.S., Canada

Byrrhus kirbyi LeConte

33b. Length <6.0 mm; elytral punctures dense,

usually coalesced, mgulose; western U.S. and

Canada Byrrhus eximius LeConte
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SYSTEMATIC ANALYSIS OF ACANTHOCOCCUS SPECIES
(HOMOPTERA: COCCOIDEA; ERIOCOCCIDAE) INFESTING

ATRIPLEX IN WESTERN NORTH AMERICA

Douglass R. Miller

Systematic Entomology Laboratory, Agricultural Research Service, U.S. Department

of Agriculture, Beltsville, MD, USA 20705.

Abstract. —Salt bush {Atriplex spp.) (Chenopodiaceae) is an important source of forage

for livestock at critical times of the year. Salt bush species are declining and suffering

dieoff over extensive areas in the Great Basin and on the Colorado Plateau of western

North America (Nelson et al. in press). Surveys of potential insect pests of several salt

bush species have been conducted and several members of the scale insect genus Acan-

thococcus (= Eriococcus) have been discovered. The purpose of this paper is to provide

systematic information on the Acanthococcus species that occur on Atriplex to assist

ongoing research on dieoff problems. Included are seven species of which three are new
and four are redescribed.

Key Words: Scale insect, eriococcid, saltbush

In the United States, the genus Acantho-

coccus has been treated as a junior synonym
oi Eriococcus. However, the occurrence of

distinctive enlarged tubular ducts on the type

species o{ Eriococcus {Coccus buxi Fonsco-

lombe) which are present on other species

from Australia and Europe and are absent

from the type species of Acanthococcus

{Acanthococcus aceris Signoret) and most

other species from around the world, have

convinced me that Borchsenius (1948) was

correct when he treated Acanthococcus and

Eriococcus as valid and separate genera. Be-

cause of this change, all of the U.S. species

previously treated as members of Eriococ-

cus, should now be considered as members
of Acanthococcus.

Methods

Terminology used in this paper follows

Miller and McKenzie (1967), Miller and

Gonzales (1975), and Miller (1984). When
first reading the terminology for the en-

larged setae there may be some confusion.

There generally are two distinct sizes of en-

larged setae, i.e. large-sized enlarged setae

and small-sized enlarged setae. Unfortu-

nately, these sizes are relative within a spe-

cies; no consistent size criterion can be used

to decide whether a seta is large sized or

small sized among all species. However, in

nearly all cases these relative sizes are dis-

tinct and there should be no confusion when

studying a particular species or specimen.

In one or two cases a species may have setae

that intergrade from very large to small, but

this circumstance is unusual and is a useful

character state. Leg measurements are taken

on the outer surface ofeach segment. Counts

of enlarged setae include all enlarged setae

on the segment dorsal and ventral. All dor-

sal setae are considered to be enlarged even

though some may be quite small. Measure-

ments and numbers are taken from 10 spec-

imens when available and are given as a
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range of numbers followed by the average

in parentheses.

Depositories of specimens are as follows:

British Museum (Natural History), London
(BM); California Department of Food and
Agriculture, Sacramento (CDA); University

of California, Davis (UCD); University of

Hawaii, Honolulu (UH); National Museum
of Natural History, Washington, D.C.

(USNM); Virginia Polytechnic Institute and

State University, Blacksburg (VPI); Zoolog-

ical Institute, Academy ofSciences ofUSSR,
Leningrad (ZAS). Other abbreviations are:

specimen (spm.), slide (si.), and ad. (adult).
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Key TO Adult Females of
acanthococcus species that infest

Atriplex

1 . Five setae on hind tibia 3

Four setae on hind tibia 2

2( 1 ). Anal lobes each with 4 enlarged setae ....

froebeae Miller, n. sp.

Anal lobes each with 3 enlarged setae ....

tinsleyi (Cockerell)

3(1). Enlarged setae with round or blunt apices . . 4

Enlarged setae with acute apices (Fig. 7) . .

whiteheadi Miller, n. sp.

4(3). Fewer than 65 enlarged setae on segment V
including those on dorsum and venter ... 5

More than 65 enlarged setae on segment V
including those on dorsum and venter . . .

barri Miller, n. sp.

5(3). Enlarged setae not fusiform in shape 6

Enlarged setae fusiform in shape (Fig. 5) .

.

salarius (Ferris)

6(5). Microtubular ducts without sclerotized ring

at dermal orifice; cruciform pores normally

absent arenosus (Cockerell)

Microtubular ducts usually with sclerotized

ring at dermal orifice; cruciform pores pres-

ent eriogoni (Ehrhom)

Treatment of Species

Acanthococcus arenosus (Cockerell),

New Combination
Sand eriococcin

Fig. 1

Ehococcus arenosus CocktrtW, 1897, 1899,

1900; Femald, 1903; Ferris 1955; Mc-
Daniel, 1959; Hoy, 1963.

Type material: From the syntypes I have

chosen and marked as lectotype an adult

female labeled ""Eriococcus arenosus Ckll.,

On ?, N. Mex., Cockerell, April 16, 1897

Type" (USNM). The slide contains only 1

specimen. In addition, there are 4 paralec-

totypes on 2 slides.

Fieldfeatures: Adult female elongate oval.

Body varies from gray to light purple. A
smooth, heavy, white ovisac may be inter-

mixed with grains of sand.

This species is found on the spines and

branches of its host.

Recognition characters: Adult female,

mounted, 2.2-3.8 (3.0) mm long, 1.1-2

A

(2.1) mm wide. Anal lobes lightly sclero-

tized ventrally; each lobe dorsally with 3

enlarged setae (size variable, either lateral

seta equal to posteromedial seta, antero-

medial seta shortest, or all setae equal in

size), with from 1-5 (3) microtubular ducts;

each lobe ventrally with 3-4 (3) body setae

and 2-9 (4) sessile pores.

DORSUM with enlarged setae of 2 pri-

mary sizes: with 2 larger setae along margin

of each abdominal segment, also present

along thorax and head; remaining setae

small. Largest large seta 29-44 (37) /u long,

largest small seta 19-44 (35) n\ on abdom-
inal segments VIII through III longest large

seta 1.2-1.7 (1.5) times longer than longest

small seta. All enlarged setae slightly curved;

those from northern areas slender, apices

rounded; those from southern areas robust,
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Fig. 1. Acanthococcus arenosus (Cockerell). 14 miles W. Phoenix, Arizona, October 15, 1968, on Atriplex sp.
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apices truncate; all with thin setal rings. En-

larged setae ranging from infrequent to

abundant— e.g. abdominal segment V with

22-55 (37)— large setae showing no longi-

tudinal pattern. Macrotubular ducts vari-

able in length (4-8 (6) n long), with area

farthest from dermal orifice sclerotized and
divided into 2 parts, apical portion round-

ed, equal or slightly shorter than remaining

sclerotized portion; total sclerotized portion

unusually short, varying from 0.5-2.0 (1.0)

times length of unsclerotized portion; der-

mal orifice with no sclerotized ring. Micro-

tubular ducts scattered over surface.

Anal ring either dorsal or ventral, with 4,

rarely 5, pairs of setae.

VENTER with lanceolate body setae long

(longest seta on abdominal segment VIII

from 32-64 (48) n long, on segment III from
53-84 (67) ix), medial setae rarely capitate.

Enlarged setae same as on dorsum, except

more slender, present along margins of ab-

dominal segment VIII through head. Mac-
rotubular ducts of 2 sizes: larger size on lat-

eral areas only; smaller size on medial and

sublateral areas of entire surface, most
abundant on abdomen. Microtubular ducts

restricted to lateral margins only, uncom-
mon. Multilocular sessile pores of 3 kinds:

septeloculars rarely present; quinquelocu-

lars abundant on posterior margins of ab-

dominal segment, rare on anterior margins

of abdomen, thorax, and head; triloculars

most abundant on thorax and head, also

present on anterior margins of abdomen.
Cruciform pores usually absent, rarely with

a few near lateral margins of anterior ab-

dominal segments, thorax, and head.

Legs: hind coxae dorsally with 4-35 (15)

pores, ventral surface with 0-25 (10); hind

femora dorsall> with 0-7 (3) pores, ventral

surface with 0-2 (1); tibiae with 5 setae;

inner, apical, tibial setae robust on hind 2

pairs of legs, lanceolate on front pair of legs;

hind tarsi usually slightly longer than tibiae

(hind tibia/tarsus ratio 0.89-1.06 (0.95));

claws with denticle near tip. Antennae
7-segmented, third or fourth segment lon-

gest. Segment 7 with 3 sensory setae; seg-

ment 6 with 1 noticeably longer than single

sensory seta on segment 5.

Notes: There appear to be two extreme

forms of this species, one that occurs in

northern Oregon, northern Utah, and
northern and central Nevada, and another

that occurs in central and southern Nevada,

Arizona, New Mexico, and Texas. The
northern form is characterized by slender,

enlarged setae with rounded apices; where-

as, the southern form possesses robust, en-

larged setae with truncate apices. Interme-

diate forms occur in southern Nevada and
northern Arizona.

This species is similar to Acanthcoccus

eriogoni (Ehrhom), but differs in possessing:

few or no cruciform pores, microtubular

ducts without sclerotized ring orifice; A.

eriogoni, on the other hand, possesses: many
cruciform pores, microtubular ducts usually

with heavily sclerotized ring orifice.

Specimens examined: ARIZONA, MAR-
ICOPA Co.: Phoenix, X-10-1899, on Atri-

plex canescens (Chenopodiaceae), T. D. A.

Cockerell (3 spm. on 2 si.) USNM; 14 mi.

W. Phoenix, X- 15-68, on Atriplex sp., P. F.

Min and Miller (2 ad. female on 2 si.) CDA;
Tempe, butte, VIII-(?)-18, on Atriplex sp.,

G. F. Ferris (1 ad. female) UCD.
NEVADA, LYON Co: Weeks, VII-5-68,

on Atriplex sp., D. R. Miller and R. F. Den-

no (5 ad. female on 2 si.) UCD. NYE Co.:

Tonopah, VII-6-62, on (?), collector (?) (6

ad. female on 3 si.) CDA. WASHOE Co.:

Nixon, VI-24-64, on Bassia hyssopifolia

(Chenopodiaceae), J. A. Froebe (1 ad. fe-

male) UCD; near Reno, VII-2-47, on Atri-

plex sp., G. F. Ferris (4 ad. female) UCD.
WHITE PINE Co.: 3 mi. N. McGill on Atri-

plex sp., D. R. Miller and R. F. Denno (1

ad. female) UCD; 6 mi. NE. McGill, on

Atriplex sp., D. R. Miller and R. F. Denno
(1 ad. female) UCD.
NEW MEXICO, DONA ANA Co.: Las

Cruces, date (?), on A. canescens, "M. and

F." (1 spm.) USNM; VIII-4-66, on Atriplex

sp., D. R. Miller (3 ad. female on 2 si.) UCD;
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Mesilla Park, VIII-(?)-1898, on A. canes-

cens, T. D. A. Cockerell (3 spm. on 2 si.)

USNM. RIO ARRIBA Co.: Embundo, IV-

26-1897, on Psoralea micrantha (Legumi-

nosae), T. D. A. Cockerell (1 ad. female

lectotype, 4 ad. female paralectotypes on 2

si.) USNM.
OREGON, LAKE Co.: Alkali Lake, VIII-

4-68, on Gutierrezia sp. (Compositae), D.

R. Miller and R. F. Denno (1 ad. female)

UCD; 24 mi. E. Christmas Valley, VIII-4-

68, on Atriplex canescens, D. R. Miller and

R. F. Denno (4 ad. female on 2 si.) UCD;
9 mi. N. Valley Falls, VIII-4-68, on A. ca-

nescens, D. R. Miller and R. F. Denno (5

ad. female on 3 si.) UCD.
TEXAS, PRESIDIO Co.: Presidio, XI-

19-43, on A. canescens, J. H. Russell (4 spm.)

USNM; Presidio, IV-29-52, on A. canes-

cens, J. H. Russell (5 spm.) USNM.
UTAH, BOX ELDER Co.: 40 mi. SW.

Rosette, VIII-2-67, on Atriplex sp., D. R.

Miller and D. S. Homing (1 ad. female)

UCD. KANE Co: Kanab, III-28-59, on Sar-

cobatus vermiculatus (Chenopodiaceae), G.

F. Knowlton (4 ad. female) USNM.
Hosts and distribution: Found on Atri-

plex, Gutierrezia, Psoralea, and Sarcobatus.

Acanthococcus arenosus is the most com-
monly collected on Atriplex.

Distributed in arid areas of Arizona, Ne-
vada, New Mexico, Oregon, Texas, and
Utah.

Acanthococcus barri Miller,

New Species

Barr eriococcin

Fig. 2.

Type material: Adult female holotype (

1

specimen on slide) with right label "Erio-

coccus 2 mi. E. Tonopah, Nye Co., NE-
VADA 7-VII-1968 Atriplex canenscens D.

R. Miller and R. F. Denno 1230"; left label

"Eriococcus barri Miller Holotype TYPE"
(deposited at UCD). In addition there are

1 1 6 paratypes.

Fieldfeatures: The body is white or light

yellow; legs are yellowish-brown. The adult

female is heavily coated with many short,

squat crystalline rods that give the body a

white appearance. One rod on lateral mar-

gin ofeach abdominal segment is longer and

broader than the others; these rods are

slightly curved posteriorly. The ovisac is

noticeably tough and difficult to break open.

This species occurs on the crown and roots

of its host.

Recognition characters: Adult female ho-

lotype, mounted, 1.9 mm long, 1.2 mm wide

(paratypes 1.5-3.3 (2.3) mm long, 1.0-2.5

(1.9) mm wide). Anal lobes slightly pro-

truding, rounded, lightly sclerotized; each

lobe dorsally with 3 enlarged setae (antero-

medial seta longest and most slender, lateral

seta shortest and most robust), with 4 mi-

crotubular ducts; each lobe ventrally with 4

body setae and 4 sessile pores.

DORSUM with enlarged setae of 3 sizes:

1 larger seta on margin of each abdominal

segment, also present on lateral margin of

thorax and head; 1 pair of smaller setae

present on medial area and sublateral areas

of each abdominal segment; remaining se-

tae of intermediate size. Largest large seta

37 )u long (paratypes 30-38 (35) y), largest

intermediate seta 28 a^ long (paratypes 25-

3 1 (28) m), largest small seta 1 6 fx long (para-

types 13-16 (15) m); longest large seta 1.3

times longer than longest intermediate sized

seta (paratypes 1.2-1.3 (1.2) times); longest

large seta 2.3 times longer than longest small

seta (paratypes 1.9-2.4 (2.1) times). Large

setae extremely broad, with truncate or blunt

apices; intermediate setae similar except

apices more rounded; small setae relatively

slender, with rounded apices; larger and in-

termediate setae with setal rings so thin as

to appear fused to main body of seta; small-

er setae with thin, unfused setal rings. En-

larged setae abundant— e.g. abdominal seg-

ment V with 1 1 3 (paratypes with 69 to 111

(81))— small setae forming 2 pairs of lon-

gitudinal lines (medial, sublateral), large se-

tae forming 1 pair of longitudinal lines (lat-

eral). Macrotubular ducts in small numbers
over surface. Microtubular ducts elongate
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Fig. 2. Acanthococcus barri Miller, n. sp. 2 miles E. Tonopah, Nevada, July 7, 1968, on Atriplex canescens.
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(13 n long) (paratypes 11-14 (13) ix), with

area farthest from dermal orifice sclerotized

and undivided; total sclerotized area ap-

proximately 0.2 length of unsclerotized area;

dermal orifice sclerotized. Microtubular

ducts in small numbers over surface.

Anal ring dorsal, with 4 pairs of setae.

VENTER with lanceolate body setae

elongate (longest seta on abdominal seg-

ment VIII 47 fi long (paratypes 34-50 (42)

ix), on segment III 56 ix (paratypes 47-62

(57) fx), medial setae with acute apices. En-

larged setae present along lateral margin

from abdominal segment VIII through tho-

rax. Macrotubular ducts same as on dor-

sum, scattered over surface, most abundant

on lateral areas. Microtubular ducts most

abundant on lateral areas, also present an-

terior of each leg. Multilocular sessile pores

in unusually small numbers on thorax, and

of 3 kinds: septeloculars uncommon, pres-

ent on posterior abdominal segments; quin-

queloculars most abundant, present over

abdomen and near spiracles; triloculars un-

common, present on anterior abdominal

segments and spiracles. Cruciform pores ab-

sent.

Legs: hind coxae dorsally with 45 and 43

pores (paratypes with 27-58 (43)), ventrally

with 9 and 30 (paratypes with 18-48 (31));

hind femora dorsally with 6 and 5 (para-

types with 1-7 (5)), ventrally with and 2

(paratypes with 1-6 (4)); tibiae each with 5

setae; inner, apical, tibial setae unenlarged;

tarsi slightly longer than tibiae (hind tibia/

tarsus ratio 0.88) (paratypes 0.82-0.98

(0.87)); claws with large denticle. Antennae
7-segmented, fourth segment longest. Seg-

ment 7 with 3 sensory setae; segment 6 with

1 longer and more slender than single sen-

sory seta on segment 5.

Variation: Some of paratypes vary from

holotype in possessing the following char-

acteristics: cluster of 6 or 7 small sized setae

on dorsum of abdominal segment VIII; an-

teromedial seta on anal lobes may be unen-

larged, appearing as a body seta; 1-4 mi-

crotubular ducts on each anal lobe; sessile

pores normally absent on anal lobes; anal

ring rarely ventral and with 3 pairs of setae;

microtubular duct orifice ring often com-
pletely unsclerotized; enlarged setae on ven-

ter may be present from abdominal segment

VIII through head; antennae rarely 6- or

8-segmented.

Notes: I take great pleasure in naming this

species /I. barri in honor ofW. F. Barr, Uni-

versity of Idaho. He has provided speci-

mens of this unusual species, and has also

contributed many other Coccoidea collec-

tions. His assistance has contributed greatly

towards a more comprehensive understand-

ing of the scale insects of the northwestern

United States.

This species is similar only to A. white-

headi Miller. It differs in possessing: differ-

ently shaped dorsal setae, and a different

enlarged setal pattern. For detailed discus-

sion see "notes" under A. whiteheadi.

Specimens examined: IDAHO, CAN-
YON Co.: 15 mi. S. Nampa, VI-27-53, on

Atriplex confertifolia (Chenopodiaceae), W.
F. Barr (3 ad. female paratypes on 3 si.)

UCD, CDA; IX-4-62, on Atriplex sp., W.
F. Barr (6 ad. female paratypes on 6 si.)

UCD, VPI. ELMORE Co.: 15 mi. W.
Mountain Home, VII-31-58, on Atriplex ^^.,

W. F. Barr (4 ad. female paratypes on 4 si.)

BM, UCD, UH; IX-3-62, on Atriplex sp.,

W. F. Barr (4 ad. female paratypes on 3 si.)

UCD, ZAS. OWYHEE Co.: 5 mi. N. Mur-
phy, VII-25-56, on Atriplex sp., W. F. Barr

(2 ad. female paratypes on 2 si.) UCD.
NEVADA, ESMERALDA Co.: 6 mi. W.

Tonopah, VII-6-68, on A. canescens, D. P..

Miller and R. F. Denno (7 ad. female para-

types on 5 si.) UCD, USNM. NYE Co.: 2

mi. E. Tonopah, VII-7-68, on A. canescens,

D. R. Miller and R. F. Denno (1 ad. female

holotype, 32 ad. female paratypes, 26 first

instar nymph paratypes, 1 9 ad. male para-

types, 1 third instar male paratype, 1 fourth

instar male paratype on 22 si.) UCD; 28 mi.

NE. Warm Springs, VII-7-68, on A. canes-

cens, D. R. Miller and R. F. Denno (4 ad.

female paratypes on 2 si.) UCD.
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Host and distribution: Found only on

Atriplex.

Probably occurring throughout much of

the Great Basin.

Acanthococcus eriogoni (Ehrhorn),

New Combination
Eriogonum eriococcin

Fig. 3

Eriococcus sidae Ferris, 1955; Hoy, 1963;

McDaniel, 1964.

Eriococcus sidae Ferris, 1955; Hoy, 1963;

McDaniel, 1964.

Type material: From the syntypes I have

chosen and marked as lectotype an adult

female labeled "Eriococcus eriogoni on Er-

iogonum, FlagstaffArizona Type" (USNM).
There are 8 specimens on the slide; the spec-

imen horizontally on the right and vertically

in the middle is the lectotype. In addition,

there are 7 paralectotypes.

I have examined part of the type series of

E. sidae.

Fieldfeatures: Adult female oval. Newly
formed adult females vary from gray to

green; becoming red with age. Crystalline

rods numerous over entire dorsum giving

eriococcin a wooly appearance.

Present on roots and subterranean or ae-

rial crown of hosts.

Recognition characters: Adult female,

mounted, 1.7-2.5 (2.2) mm long, 0.9-1.8

(1.2) mm wide. Anal lobes apically acute,

moderately sclerotized; each lobe dorsally

with 3 enlarged setae (lateral seta either equal

to or larger than posteromedial seta, antero-

medial seta shortest), with 0-3 (2) micro-

tubular ducts; each lobe ventrally with 3,

rarely 4, slender body setae and 2-9 (5) ses-

sile pores.

DORSUM with enlarged setae of 2 pri-

mary sizes: 1 seta on margin of each ab-

dominal segment and several on margins of

thorax and abdomen large; remaining setae

conspicuously smaller. Largest large seta 41-

67 (54) II long, largest small seta 33-50 (40)

n\ on abdominal segments VIII through III

longest lateral setae, including large type,

straight, with apices rounded, slightly more
acute than apices of medial seta; medial

sublateral setae conspicuously curve, with

apices rounded; all with thin setal rings. En-

larged setae abundant— e.g. abdominal seg-

ment V with 27-55 (43)— these setae nor-

mally showing no longitudinal pattern;

although rarely there may be weak indica-

tion of 3 pairs of longitudinal lines, these

suggested by slightly larger setae, when pres-

ent, these lines not visible anterior of ab-

dominal segment V. Macrotubular ducts

densely scattered over dorsum. Microtu-

bular ducts moderate in length 6-8 (7) ii

long, with area farthest from dermal orifice

sclerotized and weakly divided into 2 parts,

apical portion rounded, from 0.5-1.0 (0.8)

times length of remaining sclerotized por-

tion; total sclerotized area varying from 1-

5 (2) times longer than unsclerotized area;

dermal orifice varying from heavily scler-

otized to totally unsclerotized. Microtubu-

lar ducts abundant over surface.

Anal ring ventral, rarely dorsal, with 3,

normally 4, pairs of setae.

VENTER with lanceolate body setae

moderate in length (longest seta on abdom-
inal segment VIII from 39-50 (45) )u long,

on segment III from 47-62 (55) m), medial

setae stout, capitate. Enlarged setae nor-

mally of small size, straight; present near

body margin from abdominal segment VIII

through head. Macrotubular ducts of 2

kinds: larger size present on lateral and sub-

lateral areas; smaller size normally only

slightly smaller than large size, present in

medial areas from segment VII or VI through

head. Microtubular ducts present over en-

tire surface, most abundant near lateral

margins. Multilocular sessile pores of 3

kinds: septeloculars least common, if pres-

ent, usually on abdominal segment IX or

VIII; quinqueloculars most abundant, pres-

ent over entire surface; triloculars present

on anterior abdominal segments, thorax, and

head. Cruciform pores present along lateral

margin of anterior abdominal segments, on
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Fig. 3. Acanthococcus eriogoni (Ehrhom). Flagstaff, Arizona, date and host unknown.
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lateral areas of thorax and head, and ante-

rior of each leg.

Legs: hind coxae dorsally with 1 7-45 (27)

pores, ventral surface with 4-20 (12); hind

femora dorsally with 3-14 (8) pores, ventral

surface with 0-5 (2); tibiae with 5 setae;

inner, apical, tibial setae robust; tarsi longer

than tibiae (hind tibia/tarsus ratio 0.78-0.93

(0.88)); claws with denticle near tip. Anten-

nae 6-segmented, rarely with third segment

divided forming seventh segment, third seg-

ment longest. Apical segment with 2 or 3

sensory setae; second segment from apex

with sensory setae absent; third segment

from apex with only 1 which is short and
robust.

Notes: This is an extremely variable spe-

cies. I believed for some time that it was a

synonym of /I. dubius, but after careful con-

sideration, I have concluded that they are

distinct. Because of the extreme variability

within these species, it is not possible to use

one character to separate them, instead, it

is necessary to use a combination of char-

acters. Acanthococcus eriogoni possesses:

enlarged setae with rounded apices; strongly

curved medial and sublateral setae; medial

and sublateral setae all ofapproximately the

same size, particularly on abdominal seg-

ment V forward through head; front tibiae

with 5 setae; and microtubular ducts with

long area of sclerotization; A. dubius, on the

other hand, possesses: enlarged setae with

acute apices; straight or slightly curved me-
dial and sublateral setae; medial and sub-

lateral setae of 2 sizes, large size forming 3

pairs of longitudinal lines from abdominal
segment VIII through posterior thorax; front

tibiae normally with 6 setae; and microtu-

bular ducts normally with short area of scle-

rotization.

See "notes" under E. arenosus for an ad-

ditional comparison.

Specimens examined: ARIZONA, CO-
CHISE Co.: 21 mi. N. Bisbee, VIII-2-66,

on (?), D. R. Miller (1 ad. female) UCD.
COCONINO Co.: Flagstaff, date (?), on (?),

O. E. Bremner (4 ad. female of 4 si.) CDA,
UCD; on Eriogonum sp. (Polygonaceae),

collector (?) (1 lectotype ad. female and 7

paralectotypes on 1 si.) USNM; IX-(?)-1900,

on Eriogonum sp., O. E. Bremner (5 ad.

female on 4 si.) UCD; Yuba City, on Hap-
lopappus acradenius (?) (Compositae), H. L.

McKenzie (4 ad. female on 3 si.) UCD.
MARICOPA Co.: quarantined at Phoenix

from Alamo, Texas, 1-21-69, on Echinopsis

sp. (Cactaceae), P. F. Min and Hancock (2

ad. female on 2 si.) UCD, CDA; 5 mi. E.

Phoenix, IX-3-68, on (?) (Chenopodiaceae),

D. R. Miller and J. E. Lauck (2 ad. female)

UCD. PIMA Co.: 35 mi. S. Tucson, Santa

Rita Range, on Eriogonum wrightii, H. S.

Haskell (17 ad. female, 7 second instar fe-

male, 65 first instars, 3 second instar male

on 6 si.) UCD.
CALIFORNIA, IMPERIAL Co.: 1 mi.

W. Glamis, 1-28-65, on Eriogonum sp., D.

R. Miller (2 ad. female on 2 si.) UCD; 12

mi. E. Holtville, XII- 1 1-58, on Ephedra cal-

ifornica (Ephedraceae), G. L. Osbom ( 1 2 ad.

female, 5 second instar female, 3 first instar,

1 ad. male, 1 fourth instar male, 3 second

instar male on 7 si.) CDA, UCD; Imperial,

XII-28-63, on "cactus," L. Phipps and G.

Skaggs (3 ad. female on 3 si.) CDA. LOS
ANGELES Co.: Lancaster, VI- 12- 18, on

Haplopappus (= Isocoma) venetus, G. F.

Ferris (6 ad. female on 2 si.) UCD. RIV-
ERSIDE Co.: 18 mi. W. Blythe, 1-29-65, on

Palafoxia linearis (Compositae) and Atri-

plex sp. (Chenopodiceae), D. R. Miller (4

ad. female on 4 si.) UCD; 4 mi. W. Desert

Center, 11-20-58, "in soil," E. I. Schlinger

(3 ad. female) UCD; Desert Center, IV- 18-

66, on Euphorbia sp. (Euphorbiaceae), R. J.

Gill and L. L. Johnson (1 ad. female) CDA;
X-5-66, on Eriogonum deflexum, D. Fis-

kaali (1 ad. female, 3 second instar female,

3 second instar male on 6 si.) CDA. SAN
BERNARDINO Co.: 5 mi. S. Kramer Junc-

tion, XII-28-64, 1-24-65, on Ceratoides Jan-

ata (Chenopodiaceae), D. R. and J. F. Miller

(3 ad. female on 2 si.) UCD. SAN DIEGO
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Co.: Borrego Springs, 1-27-65, on Eriogo-

num inflatum, D. R. Miller (2 ad. female

on 2 si.) UCD. SISKIOU Co.: 7 mi. S. Yreka,

VII-20-66, on Gutienezia sp. (Compositae),

D. R. Miller (1 ad. female) UCD. TULARE
Co.: above Mineral King, date (?), on Er-

iogonum sp., G. F. Ferris (2 ad. female)

UCD.
FLORIDA, COUNTY (?): Fruit Cove,

VII-27-66, on (?) (Cactaceae), A. E. Graham
(2 ad. female on 2 si.) CDA.
NEVADA, LYON Co.: 5 mi. S. Wabus-

ka, VII-5-68, Ceratoides lanata, D. R. Mil-

ler and R. F. Denno (4 ad. female on 2 si.)

UCD. WASHOE Co.: Reno, 1-2-59, on

"cactus," R. F. Rebuffo (6 ad. female on 3

si.) CDA.
TEXAS, BAILEY Co.: Muleshoe, (?)-(?)-

2 1 , on Meriolix serrulata (Onagraceae), G.

F. Ferris (5 ad. female on 3 si.) UCD.
BREWSTER Co.: Chisos Mountains, (?)-

(?)-2 1 , on Paronychia jamesii (Caryophyl-

laceae), G. F. Ferris (4 ad. female on 3 si.)

UCD. EL PASO Co.: near El Paso, date (?),

on Sida hederae (Malvaceae), collector (?)

(12 ad. female on 7 si.) UCD. PECOS Co.:

near Sheffield, Pecos River, (?)-(?)-21, on

Croton sp. (Euphorbiaceae), G. F. Ferris (3

ad. female on 3 si.) UCD.
Host and distribution: Found on many

plant genera: Atriplex, Croton, Echinopsis,

Ephedra, Eriogonum, Euphorbia, Eurotia,

Gutierrezia, Haplopappus, Meriolix, Pala-

foxia. Paronychia, and Sida. There seems

to be no particular host pattern.

Distributed in warm areas of southwest-

em United States.

Acanthococcus froebeae Miller,

New Species

Froebe eriococcin

Fig. 4

Type material: Adult female holotype (

1

specimen on slide), left label "Eriococcus

froebeae Miller TYPE"; right label "5 mi.

n. Baker, San Bernardino Co. Calif., on

Franseria sp. IV- 13-63, D. R. Miller"

(UCD). In addition there are 2 paratypes

(UCD).

Fieldfeatures: This species occurs on the

foliage of its host.

Recognition characters: Adult female ho-

lotype, mounted 2.2 mm long, 1 .4 mm wide

(paratypes 2.1-2.7 (2.4) mm long, 1.5-1.8

(1.7) mm wide). Anal lobes slightly pro-

truding, acute, slightly sclerotized; each lobe

dorsally with 4 enlarged setae (anterolateral

seta smallest, remaining 3 setae approxi-

mately equal), with 4 or 5 microtubular

ducts; each lobe ventrally with 3 body setae

and 1 sessile pore.

DORSUM with setae of 1 size; largest

seta 31 n long (paratypes 34-35 (35) n),

smallest seta 16 ix long (paratypes 18-19

(18) ix)\ longest seta 2.0 times longer than

smallest seta (paratypes 1.8-1.9(1 .9) times).

All setae slightly curved, slender, with

rounded apices; setal rings thin. Enlarged

setae abundant— e.g. abdominal segment V
with 60 (paratypes 52-78 (62))— with no

longitudinal pattern. Macrotubular ducts

scattered over surface. Microtubular ducts

moderate in length (6 yi long) (paratypes 5-

6 (6) ix), with area farthest from dermal or-

ifice sclerotized and divided into 2 parts,

apical portion small, approximately 0.2

times length of remaining sclerotized por-

tion; total sclerotized area shorter than un-

sclerotized area; dermal orifice only weakly

sclerotized. Microtubular ducts numerous

over surface.

Anal ring bent around abdomen apex,

with 4 pairs of setae.

VENTER with lanceolate body setae

moderate in length (longest seta on abdom-
inal segment VIII 37 n long (paratypes 41-

44 (43)), on segment III 44 ix (paratypes 56-

62 (58) n), medial setae with apices acute.

Enlarged setae present along lateral margin

from abdominal segment VIII through head.

Macrotubular ducts of 2 kinds: larger size

same as on dorsum, present along lateral

margins and on medial and sublateral areas

of thorax and head; smaller size present on
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Fig. 4. Acanlhococcmfwebeae Miller. 5 miles N. Baker, California, April 13, 1963, on Fmnsena sp.
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medial and sublateral areas of abdomen.
Microtubular ducts most abundant along

lateral margins, also present on medial areas

ofanterior abdominal segments, thorax, and

head. Multilocular pores of 2 kinds: quin-

queloculars present over entire surface ex-

cept thorax; triloculars rare. Cruciform pores

absent.

Legs: hind coxae dorsally with 20 and 25

pores (paratypes with 6-17 (12)), absent on

ventral surface; hind femora dorsally with

4 and 6 pores (paratypes with 2-5 (4)), ab-

sent on ventral surface; tibiae with 4 setae;

inner, apical, tibial setae robust, tarsi slight-

ly longer than tibiae (hind tibia/tarsus ratio

0.90) (paratypes 0.85-1 .00 (0.9)); claws with

small denticle near tip. Antennae 7-seg-

mented, third segment longest. Segment 7

with 3 slender sensory setae; segment 6 with

1 slightly longer and more slender than sin-

gle sensory seta on segment 5.

Variation: The paratypes agree well with

holotype.

Notes: I take great pleasure in naming this

species A.froebeae in honor ofJudith Froebe

Miller, my wife, who has helped me collect

scale insects for more than 30 years, in-

cluding this species. She has been especially

tolerant and supportive ofmy obsession for

Coccoidea systematics and for that I am
eternally grateful.

This species is distinct in possessing the

following combination ofcharacters: 4 setae

on each tibia; enlarged seta of essentially 1

size scattered over entire dorsum; 4 en-

larged setae on each anal lobe.

Specimens examined: CALIFORNIA,
RIVERSIDE Co.: 7 mi. N. Indio, III-26-64,

on Atriplex sp. (Chenopodiaceae), D. R.

Miller and J. A. Froebe (2 ad. female para-

type) USNM; 1 1 mi. N. Indio, VIII-24-68,

on Atriplex sp., D. R. Miller (1 ad. female

paratype) UCD. SAN BERNARDINO Co.:

5 mi. N. Baker, IV- 13-63, on Franseria sp.

(Compositae), D. R. Miller (1 ad. female

holotype) UCD.
Host and distribution: Known on Atriplex

and Franseria.

Probably occurs throughout warm area of

southwestern United States.

Acanthococcus salarius (Ferris),

New Combination
Salt eriococcin

Fig. 5

Eriococcus salarius Ferris, 1955; Hoy, 1963.

Type material: I have examined the ho-

lotype which is labeled "Eriococcus salarius

n. sp. On Atriplex TYPE Salt Dale, near

Mojave, Calif. Apr. 26, 1936 G. F. F. Stan-

ford University Natural History Museum"
(UCD). In addition I have seen 8 paratypes

(UCD, USNM).
Fieldfeatures: Adult females rotund, pur-

ple. No ovisac has been observed.

This species is found on the roots of its

host.

Recognition characters: Adult females,

mounted, 2.1-3.1 (2.6) mm long, 1.5-2.6

(2.0) mm wide. Anal lobes rounded, not

protruding, lightly sclerotized; each lobe

dorsally with 3 enlarged setae (relative sizes

variable), with 2 or 3 microtubular ducts;

each lobe ventrally with 2 or 3 body setae

and from 3-9 (6) sessile pores.

DORSUM with enlarged setae of 2 pri-

mary sizes: 1 larger seta on margin of each

abdominal segment, also present along mar-

gin of thorax and head; remaining setae

small. Largest large seta 34-42 (37) ix long,

largest small seta 10-30 (24) )u; on abdom-
inal segments VIII through III largest large

seta 1.3-1.7 (1.5) times longer than longest

small seta. All enlarged setae straight, fu-

siform, apices rounded to blunt; setal ring

broad. Enlarged setae abundant— e.g. ab-

dominal segment V with 39-54 (47)— large

setae showing no longitudinal pattern. Mac-

rotubular ducts moderate in size, scattered

over surface. Microtubular ducts moderate

in length 6-7 (7) n long, with area farthest

from dermal orifice sclerotized and divided

into 2 parts, apical portion rounded, from

0.5-0.8 (0.6) times length of remaining
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Fig. 5. Acanthococcus salahus (Ferris). 15 miles N. Kramer Junction, California, December 27, 1964, on

Atriplex sp.
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sclerotized portion, approximately 4 times

length of unsclerotized portion; dermal or-

ifice sclerotized. Microtubular ducts nu-

merous over surface.

Anal ring normally ventral, with 4 or 5

pairs of setae.

VENTER with lanceolate body setae

elongate (longest seta on abdominal seg-

ment VIII from 50-59 (57) ix long, on seg-

ment III from 53-69 (63) m), medial setae

apically acute. Enlarged setae of small type

only, present along margin of abdominal

segment VIII through head. Macrotubular

ducts of 2 kinds: larger size present on lat-

eral areas of abdomen and scattered over

thorax and head; smaller size present on

medial and sublateral areas ofabdomen near

transverse row of body setae. Microtubular

ducts on lateral areas of abdomen and scat-

tered over thorax and head. Multilocular

sessile pores of 3 kinds: noveloculars and

septeloculars scattered in small numbers

over entire surface; quinqueloculars abun-

dant. Cruciform pores present only in large

clusters below each anterior spiracle.

Legs: hind coxae dorsally with 30-55 (42)

pores, ventral surface with 22-47 (38); these

pores absent on femora; tibiae with 5 setae;

inner, apical tibial setae unenlarged; hind

tarsi longer than tibiae (hind tibia/tarsus ra-

tio 0.89-0.97 (0.92); claws with small den-

ticle near tip. Antennae 6- or 7-segmented,

third segment longest. Apical segment with

2 or 3 sensory setae; second segment from

apex with 1 slightly longer and more slender

than single sensory seta on third segment

from apex.

Notes: This species is distinct from all

other species in the United States in pos-

sessing: fusiform enlarged setae and char-

acteristic pattern of cruciform pores.

Specimens examined: CALIFORNIA,
LOS ANGELES Co.: near Mojave, SaU
Dale, IV-26-36, on Atriplex sp. (Chenopo-

diaceae), G. F. Ferris and P. C. Ting (1 ad.

female holotype on 1 si., 8 ad. female para-

types, 1 first instar nymph on 4 si.) UCD,
USNM. SAN BERNARDINO Co.: 15 mi.

N. Kramer Junction, XII-28-64, on Atriplex

sp., D. R. Miller (3 ad. female on 3 si.) UCD.
Host and distribution: Known only from

Atriplex on the high deserts ofsouthern Cal-

ifornia.

Acanthococcus tinsleyi (Cockerell),

New Combination
Tinsley eriococcin

Fig. 6

Eriococcus tinsleyi CockQTtW, 1898, 1898a;

Tinsley, 1898, Cockerell, 1899, 1900;

Femald, 1903; Cockerell, 1906; Cockerell

and Robinson, 1914; Ferris, 1919, 1921;

Lobdell, 1929, Ferris, 1955; Hoy, 1963;

McDaniel, 1964.

Nidularia tinsleyi, Lindinger, 1933.

From the published records ofthis species

the following specimens have been exam-

ined and are considered misidentifications:

NEW MEXICO, DONA ANA Co.: Mesilla

Park, VIII-(?)-1898, on Atriplex canescens

(Chenopodiaceae), T. D. A. Cockerell (see

E. arenosus). TEXAS, BAILEY Co.: Mule-

shoe, (?)-(?)-2 1 , on Meriolix serrulata (On-

agraceae), G. F. Ferris (see E. eriogoni).

BREWSTER Co.: Chisos Mountains, (?)-

(?)-21, on Paronychia jamesii (Caryophyl-

laceae), G. F. Fenis (see E. eriogoni). PE-

COS Co.: near Sheffield, Pecos River, (?)-

(?)-2 1 , on Croton sp. (Euphorbiaceae), G. F.

Ferris (see E. eriogoni).

Type material: I have chosen from the

syntypes and marked as lectotype 1 of 2

adult females mounted on a slide labeled

"Eriococcus tinsleyi Ckll., On roots of Atri-

plex canescens Mesilla Park N. M. April 30

1898 (J. D. Tinsley)" (USNM). The speci-

men nearest the old label on the right side

ofthe slide is the lectotype. In addition there

are 3 lectoparatypes on 1 slide (USNM).
Fieldfeatures: Female broadly oval. Body

pale brown to light purple with trace of two

longitudinal purple lines dorsally; legs light

brown. Covered with many crystalline rods.

Ovisac yellowish-white, enclosing adult fe-

male and many yellow eggs.
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Fig. 6. Acanthococcus tinsleyi (Cockerell). New

on Atriplex sp.

Mexico, quarantined at Blythe, California, October 25, I960,
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Found on crown and roots of host.

Recognition characters: Adult female,

mounted, 1.3-1.4 (1.3) mm long, 0.7-0.8

(0.7) mm wide. Anal lobes apically acute,

protruding, unsclerotized; each lobe dor-

sally with 3 enlarged setae (lateral and pos-

teromedial setae equal, anteromedial seta

shortest), with 2 or 3 microtubular ducts;

each lobe ventrally with 3 or 4 body setae

and from 1 to 3 sessile pores.

DORSUM with enlarged setae of 1 pri-

mary size with 1 seta on margin of each

abdominal segment slightly longer than re-

maining setae. Largest seta varying from 44-

47 (45) M long, smallest seta varying from

25-28 (27) ^i; on abdominal segments VIII

through III largest seta from 1.6-1.7 (1.6)

times longer than smallest seta. All enlarged

setae slightly curved, apices rounded; setal

rings thin. Enlarged setae abundant— e.g.

abdominal segment V with 44-56 (50)—

large type setae showing no longitudinal

pattern; enlarged setae distributed in char-

acteristic pattern. Macrotubular ducts scat-

tered over dorsum. Microtubular ducts long

(8-10 (9) iJL long), with area farthest from

dermal orifice sclerotized and divided into

2 parts, apical portion rounded, from 0.3-

0.5 (0.5) times length of remaining sclero-

tized portion; total sclerotized portion

slightly longer than length of unsclerotized

portion; dermal orifice unsclerotized. Mi-

crotubular ducts scattered over surface.

Anal ring apical or ventral, with 3 or 4

pairs of setae.

VENTER with lanceolate body setae

moderate in length (longest seta on abdom-
inal segment VIII from 22-36 (29) n long,

on segment III from 28-41 (37) n), medial

setae apically capitate. Enlarged setae pres-

ent along margin from abdominal segment

VIII or VII through head. Macrotubular

ducts of 2 kinds: larger size present on lat-

eral areas; smaller size present on medial

and sublateral areas. Microtubular ducts on

lateral areas of abdomen, scattered over

thorax and head. Multilocular pores of 3

kinds: septeloculars rare or absent; quin-

queloculars scattered over entire surface;

triloculars most numerous on thorax. Cru-

ciform pores present on lateral areas from

anterior abdominal segments forward to

head, a few such pores anterior of meso-

thoracic pair of legs.

Legs: hind coxae dorsally with 9-25 (12)

pores, ventral surface with 5-10 (7); hind

femora dorsally with 4-6 (5) pores, absent

ventrally; tibiae with 4 setae; inner, apical,

tibial setae slightly larger than remaining leg

setae; hind tarsi longer than tibiae (hind tib-

ia/tarsus ratio 0.78-0.83 (0.80)); claws with

conspicuous denticle near tip. Antennae
6- or 7-segmented, when 7-segmented, seg-

ment 4 longest. Apical segment with 3 sen-

sory setae; second segment from apex with

1 longer and more slender than single sen-

sory seta on third segment from apex.

Notes: This species is quite similar to A.

eriogoni (Ehrhorn), but differs in possessing:

characteristic dorsal setal pattern, different-

ly shaped microtubular ducts and 4 setae

on each tibia; A. eriogoni, on the other hand,

possesses: 5 setae on each tibia.

Specimens examined: ARIZONA,
APACHE Co: Springerville, VII-4-18, on

Atriplex canescens (Chenopodiaceae), G. F.

Ferris (2 ad. female) UCD.
CALIFORNIA, RIVERSIDE Co: 1 1 mi.

N. Indio, VIII-24-68, on Atriplex sp., D. R.

Miller (3 ad. female) UCD.
IDAHO, POWER Co.: 5 mi. S. American

Falls, VIII- 19-64, on Chrysothamnus sp.

(Compositae), D. R. and J. F. Miller (4 ad.

female on 2 si.) UCD.
NEW MEXICO, quarantined at Blythe,

California, X-25-60, on Atriplex sp., D. R.

Dilley (3 ad. female on 2 si.) CDA. DONA
ANA Co.: Mesilla Park, X-9-1896, on Atri-

plex sp., Townsend (3 ad. female) USNM;
IV-30-1898, on A. canescens, J. D. Tinsley

(lectotype, 3 paralectotypes on 2 si.) USNM;
X- 13- 1898, on A. canescens, J. D. Tinsley

(20 spm. on 2 si.) USNM.
TEXAS, EL PASO Co.: near Fabens, VIII-

(?)-21, on Atriplex sp., G. F. Ferris (1 ad.

female) UCD.
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Host and distribution: Known on Atriplex

and Chrysothamnus.

Probably occurring throughout the warm
areas of the western United States.

Acanthococcus whiteheadi Miller,

New Species

Whitehead eriococcin

Fig. 7

Type material: Adult female holotype (1

specimen on slide) with left label "Eriococ-

cus whiteheadi Miller TYPE"; right label

"8 mi. E. Hawthorne, Mineral Co., NE-
VADA 6-VII-1968 ex Atriplex sp. D. R.

Miller & R. F. Denno 1212" (UCD). In ad-

dition there is a single paratype.

Fieldfeatures: This is a very unusual erio-

coccin. In appearance it resembles a fuzzy

seed. The body is dark green and is covered

ventrally by a light white secretion. Many
slender, waxy, crystalline rods are produced

from the dorsum giving the body a seed-

like appearance.

This species is found on the main roots

of its host.

Recognition characters: Adult female ho-

lotype, mounted, 2.0 mm long, 1.2 mm wide

(paratype 2.0 mm long, 1 . 1 mm wide). Anal

lobes strongly protruding, acute, slightly

sclerotized; each lobe dorsally with 3 en-

larged setae (lateral and posteromedial setae

approximately equal, anteromedial seta

shortest and most slender), with 3 micro-

tubular ducts; each lobe ventrally with 4

body setae and 4 or 5 sessile pores.

DORSUM with enlarged setae of 2 sizes:

larger setae present medially, sublaterally,

and laterally, from abdominal segment VIII

through thorax, with 2-4 (3) such setae in

medial cluster in each abdominal segment,

1 or 2 on sublateral area, and 2 or 3 on each

margin; remaining setae of small size. Larg-

est large seta 50 m long (paratype 58 m), larg-

est small seta 37 )u long (paratype 41 )u);

longest large seta 1.3 times longer than lon-

gest small seta (paratype 1.4 times). All se-

tae straight, conspicuously broad basally,

with acute apices; setal rings thin, often ap-

pearing fused to remainder of seta. Enlarged

setae abundant— e.g. abdominal segment V
with 59 (paratype with 69)— large setae

forming 5 longitudinal lines (1 medially, 2

sublaterally, and 2 laterally). Macrotubular

ducts in small numbers over surface. Mi-

crotubular ducts elongate {\2 n long) (para-

type 14 ii), with area farthest from dermal

orifice sclerotized and weakly divided into

2 parts, apical portion rounded apically, ap-

proximately 0.3 times length of remaining

sclerotized portion; total sclerotized area

approximately 0.3 times length of unscler-

otized portion; dermal ring weakly sclero-

tized, thin, although similar to bifurcate or-

ifice of other species in the genus such as A.

azaleae, apparently with single opening only.

Microtubular ducts in small numbers over

surface.

Anal ring bent around abdominal apex,

with 4 setae.

VENTER with lanceolate body setae

moderate to elongate (longest seta on ab-

dominal segment VIII 50 n long (paratype

62 /u), on segment III 51 n (paratype 63 n)),

medial setae with capitate apices. Enlarged

setae present along lateral margin from ab-

dominal segment VIII through head. Mac-
rotubular ducts of 2 kinds: larger size re-

stricted to lateral areas; smaller size present

on medial and sublateral areas near body

setae. Microtubular ducts most abundant

along lateral margins, also present in small

numbers on medial and sublateral areas of

thorax and head. Multilocular sessile pores

in unusually small numbers on thorax; ses-

sile pores of 2 kinds: quinqueloculars pres-

ent over entire surface, most abundant on

posterior abdominal segments; triloculars

present near spiracles and on anterior ab-

dominal segments. Cruciform pores present

on sublateral areas of anterior abdominal

segments, and on thorax, and head.

Legs: hind coxae dorsally with 22 and 26

pores (paratype with 21 and 26), ventrally

with 18 and 23 (paratype with 31 and 23);

hind femora dorsally with 2 and 1 pores

(paratype with 3 and 5), ventrally with 3
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Fig. 7. Acanthococcus whitehead! Miller, n. sp. 8 miles E. Hawthorne, Nevada, July 6, 1968, on Atriplex sp.
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and 2 (paratype with 2 and 3); tibiae with

5 setae; inner, apical, tibial setae robust; tar-

si slightly longer than tibiae (hind tibia/tar-

sus ratio 0.87) (paratype 0.90); claws with

small denticle near tip. Antennae 7-scg-

mented, third segment longest. Segment 7

with 3 sensory setae; segment 6 with 1 lon-

ger and more slender than single sensory

seta on segment 5.

Variation: The paratype agrees with the

holotype in nearly all respects except it pos-

sesses one 6-segmcnted antenna.

Notes: I take great pleasure in naming this

species A. whitehcadi in honor of the late

Donald R. Whitehead, Systematic Ento-

mology Laboratory, ARS, USDA. He was
a good friend who had significant impact on

my career. See appendix I for a eulogy that

I presented during the memorial service in

his honor.

The unusual elongate microtubular ducts

are more similar to the microtubulars on

species from New Zealand or Australia than

to the microtubulars of North American
species.

Specimens examined: NEVADA, MIN-
ERAL Co.: 8 mi. E. Hawthorne, VII-6-68,

onAtriplexsp. (Chenopodiacae), D. R. Mil-

ler and R. F. Denno (1 ad. female holotype,

1 ad. female paratype on 2 si.) UCD.
Host and distribution: Probably occurring

throughout warm areas of the southwestern

United States on Atriplex.

Conclusions

There are seven species ofAcanthococcus

that feed on Atriplex in western North
America. This host has more species of

Acanthococcus than any other plant genus

in the region. The genus Eriogonum has five

species and Artemisia, Gutierrezia, and Eu-
phorbia each have four (Miller 1969). It is

interesting to note that of the seven Acan-
thococcus species that occur on Atriplex, five

are restricted to this host or are found on
one other, probably incidental, genus and
only two occur on four or more host genera.

Of the species that occur on Eriogonum,
only one Acanthococcus species is restricted

to Eriogonum and four occur on four or

more host genera. For Artemisia there are

two species restricted to this host and two
that are polyphagous. For Gutierrezia and
Euphorbia all four Acanthococcus species are

polyphagous.

It appears that some interesting evolu-

tionary trends have occurred in the Acan-

thococcus species that inhabit Atriplex and

perhaps Artemisia. The relatively host-spe-

cific species that occur on these hosts are

quite distinctive and are readily recognized

even without a key. The significance of this

phenomenon may become apparent when
phylogenetic relationships among Acantho-

coccus species are analyzed.
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Appendix I

A Eulogy presented May 7, 1990 at the

Memorial Service held at the

Grace Presbyterian Church in

Lanham, Maryland

Donald R. Whitehead was a unique char-

acter—I mean that as a double positive. He
was a character among characters, for I am

told that systematic entomologists have a

reputation for being somewhat unusual hu-

man beings. In the next several minutes I

would like to describe why I characterize

Donald as special and why he had an im-

portant influence on my life and career even

during the last days of his life. Please forgive

me if I take too long in this task, but this

will be the last time that we will take the

opportunity to think and talk about him for

any extensive length of time. I think he de-

serves our thoughts.

Donald had a diverse combination of in-

terests and personality traits and I certainly

was not privy to them all. The words that

describe him by my perception are: intel-

lectual, unswerving, willpower, dedicated,

researcher, insect identifier, curator, mil-

lipeds, stamp collector, computer, self dep-

recating, tropics, bowler, ground beetles, idea

person, zoogeographcr, seed weevils, wee-

vils. West Virginia, Costa Rica, Mexico,

quiet, bald, immigrant, colleague, friend.

Donald was first and foremost an intel-

lectual, and, by my perception, he was quite

bright. His more than 60 scientific papers

reflect his probing interest in flnding a pat-

tern or explanation for generally accepted

phenomena. For example, he was keenly

interested in pests and later became es-

pecially curious about immigrant pests. He
searched for characteristics that were shared

by pest species of weevils so that he could

predict which species were most likely to

become pests in the future. He also inves-

tigated how to determine if a pest was an

immigrant or naturally occurred in the U.S.

Until Donald started asking these ques-

tions, I, at least, would never have consid-

ered questioning such basic terms as pest

and immigrant. Donald could make almost

anything an intellectual endeavor. At one

point, he was asked to write a position paper

on the mission of the Systematic Entomol-

ogy Laboratory for presentation at a retreat.

If I had been given this assignment, I would

probably have copied an earlier mission

statement, modified it to a limited extent,

and been done with it. But not Donald! He
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Started completely fresh, talked with others

in the Laboratory and produced so much
interest that the mission generated more

discussion than any other subject at the re-

treat. The point is that Don, by his ques-

tioning intellect, stimulated thought about

a subject that was basic to the entire un-

derpinnings ofthe Laboratory but never was

given serious thought or consideration. He
was an idea person.

His contributions were many and diverse

and he had an unswerving dedication, even

self-depricating devotion, to the areas of his

vocation. In research, he frequently became
frustrated with his inability to find the per-

fect answer to a problem. He had very high

expectations ofhimself, and, when he didn't

achieve the unachievable, he would wait and

gather more data rather than publish his

already very significant contributions. He
expected to develop a new theory of rela-

tivity, and, when he did not, he treated his

findings as insignificant and unimportant.

His colleagues tried to make him under-

stand the importance of his discoveries, but

because he expected more, he usually didn't

accept our opinions. The research that he

did publish is quite important, but I hate to

think of the many discoveries that must be

rediscovered in the future.

His research contributions and ideas were

far from his only contributions at work. In

1 985 he was given an award for outstanding

achievement in providing insect identifi-

cation services and information. If a U.S.

port of entry, a homeowner, or a researcher

required information and the name of a

beetle ofconcern, Donald would spend hours

or even days trying to find the answer. The
information that he provided was always

extensive and well researched and was far

beyond what was expected. His curatorial

contributions to the Smithsonian's Nation-

al Insect Collection have been unheralded

to now, but are deserving of special recog-

nition. As Donald's supervisor, I have al-

ways been impressed during his yearly eval-

uation with the massive portions of the

weevil collection that he had reorganized or

curated. Most scientists in the Laboratory

have expressed their curatorial accomplish-

ments in terms of drawers, while Donald

only thought in terms of cabinets. With no

assistance other than his own hands, he

made large portions of the weevil collection

available and usable for future research and
scientific discovery.

For me, Donald had an important influ-

ence early in our relationship as a knowl-

edgeable colleague, even teacher. I was a

staunch believer in the old approach to sys-

tematics and was taught that cladistic ap-

proaches were useless. Donald, Chris

Thompson, and I had lengthy, vigorous dis-

cussions about the subject. I can still re-

member Donald's animated gesticulations

in his pursuit of making a point. What fun

we had in learning from one another, even

though to our wives it seemed that we were

going to end up hating or even punching

each other. It was during these sessions that

Donald was given the nickname Baldhead.

Several months after putting this label on

him, I had second thoughts, since some are

selfconscious about such attributes. I should

have known better, since Donald seemed to

pride himself in his polished dome and he

often referred to himself as Baldy when he

sent memos and mail messages.

This man had a willpower much stronger

than most. For many years, Donald enjoyed

the vices of smoking and drinking, but as

time passed they became more and more of

a problem. So as was typical of him, he

simply decided to quit. Not only did he de-

cide to quit both at the same time, against

all advice, but he also decided to quit when
it is most difficult— at Christmas and New
Years—and ofcourse, to tempt himselfeven

more, by bringing a bottle ofscotch whiskey

as his contribution to the Christmas party

downtown. As far as I know, Donald never

wavered from his decision to quit. He never

smoked or drank again.

Donald also was intense. When he decid-

ed to do something, he did it all the way
even ifthe activity was recreational. At some
point, he joined us in bowling duck pins one
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evening a week. I don't think he even really

wanted to bowl, but once he got started, he

went at it with a vengeance. For most of us,

bowling provided a change ofpace one night

each week. If we did well, that was fine, but

if we didn't, it wasn't a concern. As often

was the case, Donald wasn't satisfied with

doing well. Each time he bowled he ex-

pected to do excellently; if he didn't he was

upset with himself. In an attempt to over-

come this problem, he decided to practice

and I think he may have practiced as often

as twice a week.

In the scientific arena, he had a broad

array of interests from patterns of distri-

bution as they translate to species recogni-

tion to revisionary studies ofacorn weevils.

He studied ground beetles, seed weevils,

weevils, millipeds, parasitic wasps, true bugs

and was very much enamored by the trop-

ics, especially in Mexico and Costa Rica.

He enjoyed doing field work and derived

much pleasure from his work with George

Ball, Dan Janzen, and John Kingsolver. The
sounds, smells, and feel of the tropics had

a special importance to Donald. But another

area closer to home also was a favorite,

namely West Virginia. The milliped fauna

of West Virginia is especially diverse, and

in the past several years he formulated a

hypothesis of milliped mimicry in West
Virginia. I thought it especially fitting that

the presentation that I am giving here was

written in his beloved West Virginia.

Even to his avocation, Donald brought

an unusual amount of vigor and intensity.

He was an expert on the post marks ofMex-
ico during the period from 1870 to 1915

and made major contributions to a book on
the subject. He also had special collections

of post marks from Tasmania and recently

started a West Virginia collection. When I

asked him about his collection two weeks

ago, he launched into a discussion that was
well beyond his energy level. If he had been

able, his arms would have been gesticulating

as only Donald could make them, in his

excitement over a subject that was dear to

him. Up to the very end, he had Jo bidding

on collections in mail auctions. During the

early morning hours when Donald couldn't

sleep because of chemotherapy treatment,

he was working away on a database on Mex-
ican post marks. He told me that it was of

no value and not worth looking at, but I

suspect otherwise.

In the end, Donald would not give up. He
beat the odds for the last year of his life, a

year that seemed especially important to

him. In that year, he allowed himself some
of the pleasures that his dedication would
not allow previously. I am told that he pur-

chased especially extravagant gifts for those

he loved at Christmas. He allowed himself

the time to visit with colleagues and he spent

a lot of time in West Virginia studying mil-

lipeds.

I personally received a lot from old Baldy,

and I will miss him greatly.
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Abstract.—The two species of the Gondwanian carabid beetle tribe, Cicindini, are re-

described in detail and their relationships within the Carabidae and among themselves

are reassessed. On the basis of several autapotypic features, a new genus, Archaeocindis,

is erected for the Persian Gulf species, Cicindis johnbeckeri Banninger. The type locality

for Cicindis horni Bruch is restricted to Guanaco Muerto, Cordoba Province, Argentina.

For each taxon, a synthesis of available literature on both taxonomy and natural history

is presented. The name ofthe tribe is determined to be Cicindini, not Cicindisini, according

to the rules of zoological nomenclature. Based on a detailed analysis of characters of

external structure and genitalia and consideration of past and present classifications of

carabidae, cicindines are placed in a separate supertribe, the Cicinditae, near the Nebriitae

and Elaphritae {sensu Kryzhanovskiy 1976). Present geographical distributions ofthe tribe

and genera suggest that cicindines are a western Gondwanian lineage, the distribution of

which was divided by development of the South Atlantic Basin in the Late Mesozoic.

Resulting South American and African isolates gave rise to Cicindis and Archaeocindis,

respectively. Members ofthe former taxon occupy interior saline lake shore habitats, those

of the latter occur in tidal flats of bays in the Persian Gulf. Based on interpretation of a

suite of unusual structural features, cicindines probably behave like diurnal tiger beetles

that also can survive submersion in and swim on the surface of salt water.

Key Words: Cicindini, Cicindis, Archaeocindis, Gondwanian lineages, carabid classifi-

cation

In 1979, one of us (TLE) wrote that spe- able us to gather additional specimens and

cies of the tribe Cicindini "surely represent data in the future. It is with this prospect

the most obscure group of carabid beetles in mind that we provide a synthesis of cur-

remaining today. Their bizarre features in rent knowledge and add new information

combination with lack ofavailable material on the structure, distribution, and phylo-

make them nearly impossible to deal with genetic relationships of these beetles, based

effectively." Eleven years later, we reject the on our study of available specimens,

latter, rather defeatist notion, and take up Bruch (1908) recognized his new species

the challenge to better understand this ob- as something peculiar and placed it near the

scure group, even though only one more tiger beetles. He did so without formally

specimen is now available to aid in the study, classifying them, probably because he was

Luckily, this specimen came with important not a carabid specialist. Banninger (1925,

new biological information that should en- 1927a, b) studied the Argentine specimen



VOLUME 93, NUMBER 2 357

described by Bruch and another specimen

collected at Bushehr, Iran, which he de-

scribed as new, concluding that the genus

was related to the basal lineages ofcarabids,

as understood in the early part of this cen-

tury. He classified the lineage near the Ozae-

nini, with which he was very familiar (Ban-

ninger 1927b), as an independent group

within the Isochaeta. He mentioned in his

1925 paper that the lineage should be given

tribal status, but did not provide a name;

subsequently, he did so in his 1927a paper.

For several decades, Banninger's classifi-

cation was either accepted or not dealt with

(for example, see Csiki 1927, Crowson 1955,

Blackwelder 1944, Kryzhanovskiy 1976).

Reichardt (1977) elevated the group's status

to the rank of subfamily, but left it in a

position near the Paussinae (which contains

the Ozaenini). Ball ( 1 979) and Erwin ( 1979),

without recourse to the specimens, also tac-

itly accepted this classification, but later Ball

and McCleve (1990) removed the lineage

from the paussines assemblage, leaving its

status, in their opinion, as incertae sedis.

However, after studying one of the speci-

mens, Erwin (1985: 467) concluded that the

group, at the rank of tribe, belonged to the

Nebriitae lineage of the Carabinae, near the

tribe Notiophilini.

Reichardt (1977) reported that specimens

of Cicindis horni Bruch had been collected

by A. Martinez near salt lakes in desertic

areas. We were informed that the specimen

collected in 1979 by R. A. Ronderos (pers.

comm.) listed below was found at a light,

at night, near the enormous salt lake bed of

SaUnas Grandes in the northern part ofCor-

doba Province, Argentina. Stork (1982) re-

ported on a specimen of Cicindis johnbeck-

eri Banninger received for identification. It

had been collected as part ofa study of"mud
skippers" in the Persian Gulf, taken from a

tidal flat, probably esturine, in a bay some
20 km north of Kuwait City. The type spec-

imen of this species, collected almost di-

rectly across the Persian Gulf from Kuwait,

at Bushehr, Iran, also may have been col-

lected from a similar tidal flat, perhaps in

the Bay of Soltani (Khowr-e Soltani).

Limits of the present study were deter-

mined by the paucity and condition of

available specimens. One species is known
only from females and both species are

known to us from only two specimens each

(additional specimens of C. horni are re-

portedly in the UNLP or MACN but have

not been made available to us). One of the

specimens studied is in poor condition with

most appendages missing, a second speci-

men has been damaged by previous dissec-

tions, and a third is teneral. Thus, complete

disarticulation of one or more specimens,

to properly study all structural features, was

necessarily ruled out. Nonetheless, we feel

that our review of the form and structure

of cicindines, through conservative dissec-

tion, the results ofwhich are presented here,

provides new information that better rep-

resents structural diversity within the group

and relationships of its members to other

lineages of Carabidae.

Materials and Methods

General procedural methods are those

which we have used before (Erwin and Ka-

vanaugh 1981). Measures for body length,

and pronotal and elytral dimensions are

coded as follows and are presented in the

species descriptions as ranges based on the

smaller and larger of specimens studied. All

specimens were measured with an ocular

micrometer in a Wild microscope and mea-

sures are presented in millimeters. SBL,

standardized body length = the sum ofhead

length (midline distance from apical margin

ofclypeus to a point opposite posterior mar-

gin of eyes) + pronotal length (midline dis-

tance from anterior [apical] to posterior

[basal] margin) + elytral length (midline

distance from apex of scutellum to a point

opposite apex of longer elytron) (see Ka-

vanaugh 1979, Erwin and Kavanaugh,

1981). TW, total width across the widest

portion of the elytra = width of left elytron,

measured at widest point, and doubled to
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obtain value. We use the term forebody to

indicate the head and pronotum together.

Accept where noted, scale lines in all figures

are equal to 1.0 mm length.

For conciseness, we have grouped the

characters and their states in three catego-

ries, depending on their perceived utility in

outgroup comparisons with equivalent rank

taxa. For example, if the state ofsome char-

acter is of general importance at the tribal

level we place it in the tribal diagnosis,

whereas minor characteristics such as color

are placed within the species descriptions,

because these have value only among spe-

cies level groups. We do not repeat descrip-

tors at successive higher or lower taxon lev-

els.

Specimens were borrowed from the fol-

lowing institutions for this study:

BMNH Department ofEntomology, Brit-

ish Museum (Natural History),

Cromwell Road, London, En-

gland

DEIE Institut fur Pflanzenschutzfor-

schung (BZA) der Akademie der

Landwirtschaftswissenschaften

der Deutschen Demokratischen

Republik, DDR 13, Eberswalde -

Finow 1

MACN Museo Argentina de Ciencias Na-
turales, Av. Angel Gallerdo 470,

Buenos Aires, Argentina

UNLP Facultad de Ciencias Naturales y
Museo, Universidad Nacional de

La Plata, Paseo del Bosque 1 900,

La Plata, Argentina

Tribe Cicindini Banninger

Cicindisini Banninger 1927a: 119.

Cicindisini Banninger 1927b: 177.

Cicindini Csiki 1927: 425.

Cicindini Blackwelder 1944: 22.

Cicindini Crowson 1955: 6.

Cicindisini Kryzhanovskiy 1976: 56.

Cicindisinae Reichardt 1977: 375.

Cicindisini Reichardt 1977: 357, 1979: 319,

321.

Cicindisini Ball 1979: 91, 95, 100.

Cicindisini Erwin 1979: 589, 1985:467.

Tribal nomenclature.— Banninger (1925)

first proposed that the genus Cicindis be

classified in its own tribe, but did not men-
tion a name for such until later, where he

used Cicindisini (Banninger 1927a). In the

same year, Csiki (1927), citing Banninger's

1925 paper, listed Cicindis under the tribal

name Cicindini. Both speUings have been

used since, and repeatedly, in the literature.

Because Banninger's paper was published

on November 10 and Csiki's on December
22, 1927, Banninger's use of a tribal name,

Cicindisini, has priority. However, Bannin-

ger appHed the tribal ending, -ini, to the

complete generic name rather than its stem,

whereas Csiki's name, Cicindini, is formed

correctly. Based on Article llf (ii) of the

International Code of Zoological Nomen-
clature, the valid tribal name is Cicindini,

and Banninger is its author.

Tribal d\2i%nos\s.—Adults: Slightly hy-

pognathous. Ventral surface ofbody (except

for gular region of head) and coxae, tro-

chanters, and femora covered with fine pu-

bescence of slightly to moderately decum-

bent and curved setae. Head without or with

one pair of supraorbital setiferous punc-

tures; frons without longitudinal ridges; ver-

tex slightly concave; gena with a sharp-edged

longitudinal flange ventral to eye, postgenal

groove present, distinctly biarcuate; com-
pound eye very large, longitudinal diameter

equal to or more than 1.5 times width of

labrum, dorsomedial margin markedly con-

cave; clypeus narrower than distance be-

tween antennal sockets; mandible (Figs. 6,

7) with terebral blade long and markedly

down-curved, scrobe asetose and delimited

dorsomedially by a prominent elevated ridge

extended apically onto blade, terebral tooth

triangular, retinaculum with both anterior

and posterior retinacular teeth (the former

larger and more acuminate on right man-
dible than left), small accessory tooth (ho-

mology unknown) on each mandible be-
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tween terebral and posterior retinacular

teeth, molar region undeveloped, setiferous

ventral groove present, longer on left than

on right mandible; maxilla, mentum, and

submentum without setiferous spiniform

processes or ridges; lacinia of maxilla (Fig.

8) with apical tooth articulated; ligula of

labium (Fig. 1 0) with paraglossae short but

distinct. Prothorax with front coxal cavities

bridged (biperforate) (Fig. 14A) and sepa-

rate internally (Fig. 1 4B), closed posteriorly

by narrow medial extension of propleuron

with prostemal projection overlapped pos-

teriorly; front tibia (Fig. 1 9) with apex only

slightly oblique (posterior angle slightly dis-

placed proximally) and both spurs apical,

anteroventral margin with row of short fine

densely arranged setae along apical two-

thirds, setae progressively longer apically,

antenna cleaner simple, sulcate, with two

long, curled setae proximal to posterior api-

cal spur. Pterothorax with elytron (Fig. 15)

with nine complete, shallowly impressed in-

temeurs, scutellar intemeur short, present

only on basal one-seventh; interval 2 much
narrower than intervals 3 and 4 together;

discal setae absent or present only on in-

terval 3, umbilicate series present on inter-

val 9, with 12 to 14 setae positioned as in

Fig. 15); internal plica simple, keel-like,

faintly defined (especially near apex), not

extended to epipleuron apically; metatho-

racic wing (Fig. 16) with Oblongum Cell

narrowed posteriorly, stalked, M4 vein po-

sitioned slightly anterior to middle of Ob-
longum Cell, Third Radial Cell larger than

Anterior Sector Cell; metepimeron (Fig. 1 7)

present, triangular; middle coxal cavities

disjunct, confluent (through very small hole);

hind coxal cavities conjunct, confluent, de-

limited laterally by metepimera and second

(first visible) abdominal sternum; hind tar-

someres (Fig. 25) 1 to 4 with ventroapical

margin lobate anteriorly, lobes and associ-

ated setae longer on successive tarsomeres;

tarsal claws (Fig. 23) asymmetric in length,

the anterior claw longer. Female genitalia

with eighth sternum (Fig. 28) and ninth/

tenth tergum (Fig. 29) undivided; gonan-

gulum (Fig. 30) with scattered setae dor-

somedially; coxostylus (Fig. 3 1) short, stout,

with three or four spines lateroventrally and

two or three spines dorsomedially. Larvae:

Unknown.
Tribal distribution.—The widely disjunct

distribution (Fig. 33) includes two rather

circumscribed areas along the bays of the

northern Persian Gulf and among the lakes

of the great salt flats of northwestern Ar-

gentina.

Key to Species

1 . Anterior pair of supraorbital setigerous punc-

tures present; elytral margin serrate, more so

apically .. Archaeocindis johnbeckeri {BanningcT)

r. Supraorbital setigerous punctures absent; ely-

tral margin smooth Cicindis horni Bruch

Archaeocindis Kavanaugh and Erwin,

New Genus

Type species.— Cicindisjohnbeckeri Ban-

ninger 1927a: 119.

Derivation of genus name.—From the

Greek, archaeon, meaning ancient, and a

part of the genus name, Cicindis, referring

to the occurrence of this genus in the Pa-

laearctic Region, particularly near the mouth

of the historically important Tigris and Eu-

phrates Rivers.

Diagnosis.— Body deep, subcylindrical.

Head (Fig. 3A) with one pair of supraorbital

setiferous punctures near medial margin of

eye (anterior one-sixth); area between pos-

terior margin of eye and postgenal groove

slightly depressed; antennomeres 1 to 3 and

basal four-fifths of 4 glabrous (except for

apical whorl of fixed setae), apical one-fifth

of antennomere 4 with a few, small setae,

antennomeres 5 to 1 1 densely and evenly

pubescent (Fig. 4A); dorsal surface of man-

dible smooth, without macrosculpture; last

(fourth) maxillary palpomere (Fig. 8) with

a sensory pit ventromedially in apical one-

half; ligula (Fig. lOA) deeply emarginate

apically, paraglossae, short, much shorter

than fused glossae; mentum (Fig. 1 1 A) with

anteromedial emargination deep, dentate,
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tooth broadly entire and with one pair of

paramedial setiferous punctures at base,

epilobes narrowly rounded, broadly toothed

anteromedially and without setae; sub-

mentum broad anteriorly, only slightly nar-

rower than mentum, with one pair of lateral

setiferous punctures, gular portion with sides

subparallel. Pterothoracic elytron-locking

mechanism (Fig. 18A) with deeply emar-

ginate internal and short external meta-

pleural flanges, external flange with poste-

rior bulge inserted in elytral epipleural cavity

(when elytra are closed), elytral epipleuron

markedly notched. Femora longitudinally

concave, front femoral and hind femoral

concavities shallow anteriorly and deep

posteriorly, middle femoral concavities deep

both anteriorly and posteriorly. Middle and

hind tibiae (Figs. 20A, 21 A) without acces-

sory setae; hind tibia straight; tibial spurs

of anterior tibia longer than tarsomere 1

,

posterior spur of middle tibia and anterior

spur of hind tibia subequal to length of re-

spective first tarsomeres. Tarsi (Figs. 22A,
24A, 25A) without fringes of accessory se-

tae; posterior claw (Fig. 23A) of all tarsi at

least two-thirds the length of anterior claw.

First visible (second) abdominal sternum

without lateral concavity.

Geographic distribution.—Known only

from both sides of the north end of the Per-

sian Gulf.

Archaeocindis johnbeckeri (Banninger),

New Combination

Cicindis johnbeckeri Banninger 1927: 119.

Holotype female, in DEIE, labelled:

"Holotypus" [red label]/ "Bushere Beck-

er 22.IV.27'V "Type [written vertical] Ci-

cindis John-Beckeri m." ["8.1927" on

underside]. Type locality: IRAN, Bush-

ehr [28°59'N 50°50'E].

Diagnosis.— Clypeus narrower than dis-

tance between antennal sockets, anterior su-

praorbital setiferous punctures present, and
pronotal and elytral margins finely serrate.

Description of form and structure of

adults.— Size medium, standard body length

of females 9.6 and 10.2 mm. Form (Fig. 1)

with elytra proportionately short in relation

to forebody (ratio: elytral length/forebody

length = 1.63 [mean]).

Color: Head, body, and appendages pale

yellowish tan, except eyes piceous and api-

ces and medial margins of mandibles in-

fuscated; elytra with very pale marginal pat-

tern (Fig. 15A).

Luster: Entire body surface moderately

shiny, except elytra slightly duller.

Microsculpture: Entire body with isodia-

metric meshes, well impressed on labrum,

legs, and elytra, more faintly impressed on

forebody and venter.

Head: Smooth dorsally; frons slightly

convex, frontal furrows absent; antenna (Fig.

4A) with scape long, length about equal to

width of labrum, markedly narrowed ba-

sally, and form slightly sinuate; clypeus (Fig.

5A) with anterior margin straight; penulti-

mate labial palpomere (Fig. 1 A) with three

setae anteriorly.

Prothorax: Pronotum (Fig. 12A) broad,

greatest width wider than width of head

across eyes, slightly cordate, slightly nar-

rowed basally, smooth medially, without

obliquely transverse and shallow rugulae

laterally; disc markedly convex; apical mar-

gin markedly bisinuate; lateral margin cren-

ulate or faintly serrate and arcuate, with bas-

al sinuation shallow and long; lateral

explanation narrowed medially, broadened

apically and basally; basal margin markedly

bisinuate; apical angles long, narrow, mark-

edly projected anteriorly; basal angles ob-

tuse and sinuate, slightly projected poste-

riorly; apical margination deeply impressed

laterally, absent from middle one-sixth; lat-

eral bead narrow, poorly defined anteriorly,

effaced near apical angle, elevated and well

defined at basolateral setiferous puncture,

absent from sinuation of basal angle; basal

margination effaced medially and laterally,

faintly defined paralaterally; anterior trans-

verse impression broadly and shallowly de-

fined; median longitudinal impression nar-
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Fig. 1
.

Habitus, dorsal aspect, Archaeocindis johnbeckeri (Banninger).

rowly and finely defined; posterior transverse

impression smooth to slightly rugulose, nar-

rowly and deeply defined, extended laterally

to basal foveae, distinctly arcuate; basal fo-

veae deep anteriorly, posteriorly moderate-
ly deep, slightly divergent, and confluent

with lateral explanation; mid-lateral setif-

erous puncture absent, basolateral setifer-



362 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

ous puncture inserted on posterior end of

elevated lateral margination distinctly an-

terior to basal angle. Prostemal intercoxal

process (Fig. 13) broadly spatulate in ven-

tral aspect.

Pterothorax: Elytra (Fig. 15A) with sil-

houette subfusiform, widest anterior to

middle, lateral margins faintly and apical

margins distinctly serrate; elytron convex,

with basal margination complete, deeply

impressed and markedly sinuate, lateral

margination complete and very narrow,

slightly broadened near middle, effaced from

apex, humerus rounded, lateral and basal

margination joined at markedly obtuse an-

gle, with humeral angle produced anteriorly,

intemeurs 1 to 7 finely striate, 8 and 9 very

faintly punctulate, intervals smooth, im-

punctate, slightly convex or flat; metatho-

racic wing (Fig. 16A) full-sized, with stalk

of Oblongum Cell short.

Legs: All legs long and slender; front tar-

someres 1 to 4 slender and without pads of

adhesive setae ventrally in female (male un-

known).

Abdomen: Last visible (seventh) sternum

moderately emarginate apicomedially and

with two pairs of long paramedial marginal

setae in female (male unknown).

Male genitalia: Male unknown.

Female genitalia: Coxostylus (Fig. 31 A)

slightly rounded apically, with four ventro-

lateral and two dorsomedial spines. Form
and structure of bursa copulatrix and sper-

mathecal apparatus unknown (one speci-

men damaged, the other too teneral for dis-

section).

Dispersal potential.—The wings are fully

developed, and as with the following spe-

cies, we believe that adults have strong pow-

ers of flight.

Natural history.— Stork (1982) presented

all the available information on the habitat

distribution of this species, and we use these

data in the discussion below. A specimen

collected in April, 1982, was teneral, which

suggests that adult emergence occurs at that

time. Nothing else is known about the life

history or behavior of members of this spe-

cies.

Locality records.— (Fig. 34). Known only

from the type locality (in IRAN) and KU-
WAIT, Al Jahrah (29°20'E 47°40'N)

(BMNH; 1 female).

Cicindis Bruch

CicindisBmch 1908: 497.

Type species.— Cicindis horni Bruch 1 908:

499.

Diagnosis.—Body moderately depressed.

Head (Fig. 3B) without supraorbital setifer-

ous punctures; area between posterior mar-

gin of eye and postgenal groove markedly

depressed; antennomeres 1 to 4 glabrous

(except for apical whorl of fixed setae), 5 to

1 1 densely and evenly pubescent (Fig. 4B);

dorsal surface of mandible (Figs. 6, 7) with

obliquely transverse grooves and ridges; last

(fourth) maxillary palpomere (Fig. 9) with-

out sensory pit ventromedially in apical one-

half; ligula of labium (Fig. 1 OB) with apical

margin deeply emarginate, paraglossae short

but equal in length to fused glossae; mentum
(Fig. 1 1 B) with anteromedial emargination

shallow, dentate, tooth bifid, with two pairs

of paramedial setiferous punctures at base,

epilobes broadly rounded, narrowly toothed

anterormedially and with six or seven pairs

of marginal and several pairs of basal setif-

erous punctures; submentum narrow ante-

riorly, much narrower than mentum, with

three or four pairs ofanterolateral setiferous

punctures, gular portion with sides diver-

gent posteriorly. Pterothoracic elytron-

locking mechanism (Fig. 18B) with long in-

ternal and external metapleural flanges,

external flange without posterior bulge (ely-

tron with poorly defined receptive cavity),

epipleuron entire. Femora with both ante-

rior and posterior surfaces convex. Middle

tibia (Fig. 20B) with posterodorsal fringe of

long, fine accessory setae; hind tibia (Fig.

2 1 B) markedly arcuate; tibial spurs of an-

terior tibia shorter than tarsomere 1, pos-

terior spur of middle tibia and anterior spur
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of hind tibia less than or equal to one-half

length of respective first tarsomeres. Front

tarsomere 1 (Fig. 22B) with posterodorsal

fringe ofaccessory setae, middle tarsomeres

1 to 5 (Fig. 24B) with anteroventral and

posterodorsal fringes ofaccessory setae, hind

tarsomere 1 (Fig. 25B) with anteroventral

and posterodorsal fringes ofaccessory setae,

tarsomeres 2 to 5 with anteroventral fringe

only; posterior claw (Fig. 23B) of all tarsi

equal to or less than one-half the length of

anterior claw. First visible (second) abdom-

inal sternum (Fig. 1 7) with deep lateral con-

cavity.

Geographic distribution.—Known only

from the great salt lake region of north-

western Cordoba Province, Argentina.

Cicindis horni Bruch

Cicindis horni Bruch 1908: 499. Holotype

female, in MACN, labelled: "Rep Argen-

tina Prov. Cordoba [illegible number] C.

Bruch"/ "Col. C. BRUCH" [white label

with black border]/ "Cicindis Horni Bruch

C. BRUCH DETERM." [white label with

black border] "Typus" [light green label]/

"HOLOTYPUS" [red label with black

border]. Type locality: ARGENTINA,
Cordoba Province, Guanaco Muerto

[30°29'S 65°03'W], herewith restricted.

Diagnosis.—Clypeus narrower than dis-

tance between antennal sockets, supraor-

bital setiferous punctures absent, and pro-

notal and elytral margins smooth.

Description of form and structure of

adults.— Size medium, standard body length

of male 10.2 mm, female 10.5 mm. Form
(Fig. 2) with elytra proportionately long in

relation to forebody (ratio: standardized

elytral length/forebody length = 1.95

[mean]).

Color: Head, body, and appendages pale

yellowish tan, except eyes piceous and api-

ces and medial margins of mandibles in-

fuscated; elytra with very pale marginal pat-

tern (Fig. 1 5B).

Luster: Entire body surface moderately

shiny, slightly duller on elytra of female.

Microsculpture: Entire body with small,

isodiametric meshes, well impressed on la-

brum, legs, and venter of both sexes and

elytra of female, effaced or nearly so from

forebody of both sexes, less impressed on

elytra of male especially on crowns of in-

tervals.

Head: Smooth dorsally; frons slightly

convex, frontal furrows broadly impressed,

parallel, and limited to area medial to an-

terior half of eye; antenna (Fig. 4B) with

scape short, length about 0.7 times width of

labrum, cylindrical, and form straight; clyp-

eus (Fig. 5B) with anterior margin slightly

emarginate; penultimate labial palpomere

(Fig. lOB) with four setae anteriorly.

Prothorax: Pronotum (Fig. 1 2B) narrow,

greatest width less than or equal to width

of head across eyes, markedly cordate, nar-

rowed basally, smooth medially, with

obliquely transverse and shallow rugulae

laterally; disc markedly convex; apical mar-

gin markedly bisinuate; lateral margin

smoothly arcuate, with basal sinuation

moderately deep and abrupt; lateral expla-

nation narrow, slightly broadened apically

and basally; basal margin slightly bisinuate;

apical angles long, narrow, markedly pro-

jected anteriorly; basal angles subrectan-

gular, not at all projected posteriorly; apical

margination deeply impressed laterally, ab-

sent from middle one-third; lateral bead

narrow, poorly defined, effaced near apical

and basal angles; basal margination absent;

anterior transverse impression broadly and

deeply defined; median longitudinal im-

pression narrowly and finely defined; pos-

terior transverse impression smooth to

slightly rugulose, narrowly and deeply de-

fined, extended laterally to basal foveae,

straight; basal foveae deep anteriorly, pos-

teriorly very shallow, slightly divergent, and

confluent with lateral explanation; midlat-

eral setiferous puncture absent, basolateral

setiferous puncture inserted slightly ante-

rior to basal angle. Prostemal intercoxal

process (Fig. 14A) narrowly sublanceolate

in ventral aspect.
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Fig. 2. Habitus, dorsal aspect, Cicindis horni Bruch.
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Ptewthorax: Elytra (Fig. 15B) with sil-

houette subrectangulate, widest posterior to

middle, lateral and apical margins smooth;

elytron slightly depressed, with basal mar-

gination complete, deeply impressed and

slightly sinuate, lateral margination com-

plete and very narrow throughout, humerus

squared, lateral and basal margination

joined at slightly obtuse angle, intemeurs 1

to 7 finely striatiopunctulate, less distinctly

so apically, 8 and 9 finely punctulate, in-

tervals smooth, impunctate, 1 and 3 to 8

moderately convex to apex, 2 and 9 slightly

convex or flat; metathoracic wing (Fig. 16B)

full-sized and functional, with stalk of Ob-

longum Cell long.

Legs: All legs long and slender; front tar-

someres 1 to 4 slightly expanded laterally

and with pads ofadhesive setae ventrally in

male (front tarsi of female specimen miss-

ing).

Abdomen: Last visible (seventh) sternum

slightly emarginate apicomedially in female

but entire in male, with two pairs of long

paramedial marginal setae in female, and

apparently one pair in male (only male

available for study has one such seta on one

side).

Male genitalia: Ring sclerite (Fig. 26)

ovoid, slightly asymmetrical, slightly nar-

rowed anteroventrally; median lobe (Fig. 27)

short, with broad apical orifice. Parameres

slightly asymmetrical, with left paramere

slightly longer and narrower than the right,

both bisetose apically.

Female genitalia: Coxostylus (Fig. 3 1 B)

pointed apically, slightly serrate apicolater-

ally, with three ventrolateral and three dor-

somedial spines. Bursa copulatrix (Fig. 32)

with anterodorsal lobe broad, apex deflect-

ed right of midline anteriorly, short and wide

posteroventral lobe present; spermatheca

subequal in diameter to spermathecal duct,

slightly twisted; spermathecal duct slender,

inserted anteriorly on anteroventral lobe of

bursa copulatrix.

Sexual dimorphism: In addition to leg and

abdominal characters described above, fe-

male slightly larger overall than male.

Dispersal potential.—The wings are fully

developed and one specimen was recorded

as having flown into a light (R. A. Ronderos,

pers. comm.). Although fringe setae on the

legs suggest that these beetles are swimmers,

we believe they have strong powers of flight

as well.

Natural history.— These beetles are re-

corded only from salt lakes and we suspect

that they are confined to such areas. Their

swimming hairs, elevated eyes, and mouth-

parts lead us to suggest that they are su-

perspecialist, amphibious predators at the

edges of shallow alkaline lakes, the carabid

equivalent of a crocodile. The adult speci-

men, taken at light in December, 1979, is

unusually soft for a mature adult carabid,

which suggests that it may have been slight-

ly teneral when collected. With the possible

exception of this indication of adult emer-

gence period, nothing is known about the

life history or behavior of members of this

species.

Locality record. -(Fig. 35). ARGENTI-
NA, Cordoba Province (MACN; 1 female)

Guanaco Muerto (UNLP; 1 male).

Discussion

A review of the descriptions provided

above for the tribe, genera, and species of

cicindines reveals an array of features of

form and structure that, even for the trained

specialist on carabid beetles, represent a

unique and surprising combination of traits.

What justification is there for assigning the

two known species to distinct genera and

these genera to a distinct tribe? What evi-

dence is available in support of the mono-
phyly of the tribe Cicindini as here defined

and how is this taxon related to other tribes

and more inclusive groups of carabids?

What, if anything, can we infer about the

biogeographic history of the group from

present knowledge of the geographical and

habitat distributions of extant cicindine

taxa? To what extent can we relate apparent
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specializations in form and structure to hab-

itat or behavior? What future research ef-

forts are required to generate the kinds of

additional data needed to better answer all

of these and other questions? In the follow-

ing discussion, we address each ofthese top-

ics.

Phylogenetic Relationships and
Classification

In his review of the present system of

classification of carabid beetles and its his-

torical development. Ball (1979) suggested

that "higher-ranking taxa are in part clade-

based, and in part grade-based." He iden-

tified five evolutionary trends in carabid

evolution, with reference to which the basic

framework of that classification has been

constructed. Trends included were (1) de-

velopment of a more complex antenna-

cleaning organ on the front tibia; (2) mod-
ifications of the pterothorax; (3) loss of a

setiferous puncture from the scrobe of the

mandible; (4) reduction ofthe apex and oth-

er modifications to the parameres in males;

and (5) reduction of elytral apices and en-

hancement of the ability to take flight. To-

gether, the presumed starting points (i.e.

plesiotypic states) of each of these trends

(characters or suits of characters) define the

basic ground plan of the hypothetical an-

cestral carabid. Attempts to establish phy-

logenetic relationships among suprageneric

carabid taxa using the characters involved

in these trends (Sloane 1923,Jeannel 1941,

Crowson 1955, Bell 1965, 1967, Kryzhan-

ovskiy 1976) have all failed, at least par-

tially, due to homoplasy (convergence) in

these traits, as shown by the discordant dis-

tributions ofcharacter states among the taxa

considered. As demonstrated below, clado-

grams generated with reference to different

characters suggest very different patterns of

relationships. The present classification is

therefore a compromise arrangement, the

analog of a consensus tree, the different

nodes of which are a mixture of grades and
clades, just as Ball (1979) suggested.

Kavanaugh and Ndgre (1982) tried to de-

termine phylogenetic relationships of the

tribe Notiokasiini with other member tribes

of supertribe Nebriitae but noted that the

"main difficulty with [phylogenetic] studies

of nebriite genera is in establishing a suit-

able outgroup for character analysis," against

which character transformations can be po-

larized. Failure to agree on a suitable out-

group for the Carabidae results in the same
problem at a higher level. For example, Ka-

vanaugh (1986) followed Ponomarenko
(1977) in suggesting that trachypachines (as

presumed living representatives of the Ju-

rassic-Cretaceous eodromine radiation) are

the sister group of the remaining Carabidae

and, with them, form a monophyletic group.

Acceptance of this view results in a clado-

gram for the Carabidae that approximates,

in broad outline but not in detail, a tree

reffecting the present classification (Kava-

naugh, study in progress). However, Bell

(1966, 1982), Hammond (1979), and
Roughley (1981) interpreted available data

as supporting a sister group relationship be-

tween trachypachines and at least some Hy-

dradephaga (the dytiscoid families in par-

ticular). Further, Bell (1966) suggested a

sister group relationship between trachy-

pachines + some hydradephagans and Me-
triini + Ozaenini + Paussini. If this inter-

pretation is correct, then Carabidae,

including metriines, ozaenines, and paus-

sines, but excluding either trachypachines

+ some hydradephagans or these hydra-

dephagans alone, is a paraphyletic group. A
suitable outgroup for this entire assemblage

must be sought at or outside the basal ra-

diation of suborder Adephaga. Acceptance

of this view requires a radical reclassifica-

tion of Adephaga in general and of Carab-

idae in particular.

Preliminary cladistic analyses with char-

acters and/or character systems tradition-

ally used in carabid classification above the

genus level have failed to provide an un-

ambiguous resolution of phylogenetic rela-

tionships among even the better known
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higher taxa of carabids (Ball 1979, Kava-

naugh 1986 and study in progress). Such a

basic framework of caraboid relationships,

which is prerequisite to understanding the

relationships of cicindines and their proper

place in a classification, must await more

uniform, detailed, and broad-based study of

form and structure across the Adephaga,

particularly with internal organ systems of

adults and internal and external structures

of immatures. Molecular studies may also

aid in this effort.

For the present, we limit ourselves to

placement of cicindines within the present

hybrid cladistic/gradistic carabid classifi-

cation, based on our study of their form and

structure and our reinterpretation of tradi-

tionally used characters and their transfor-

mations. To do this, we examine the char-

acters individually and then place the tribe,

on the basis of synapotypic features shared

with other tribes, in the existing classifica-

tion. For these purposes, we accept trachy-

pachines as the sister group of all other cara-

bids (Kavanaugh 1978, 1986) and character

transformations are polarized accordingly.

Coxal cavities and thoracic structure.—

Bell (1965, 1967) provided the most thor-

ough analysis ofthe arrangement ofthoracic

sclerites that form the cavities surrounding

the three pairs of coxae in Adephaga, al-

though several other workers (Sloane 1923,

Jeannel 1941, Ball 1960, 1979, Lindroth

1969, Hlavac 1972, 1975, Ponomarenko

1977) have also discussed these features and

their use in classification. In our discussions

here. Bell's (1967) analysis and nomencla-

ture are used, except as noted, and each tho-

racic segment is considered separately.

Prothorax: In cicindines, the front coxal

cavities are enclosed behind by a medial

extension of the propleuron (not proepi-

meron; see Hlavac 1975) that makes con-

tact, with a slight posterior overlap, with

the prosternal intercoxal process (Fig. 14);

right and left coxal cavities are completely

separated medially by a sclerotized internal

septum (Fig. 14B); and the dorsum of each

cavity is spanned by a narrow sclerotized

bridge that divides the dorsal unsclerotized

opening into two parts (Fig. 14A), the so-

called biperforate (Sloane 1923) or bridged

(Bell 1967) condition. The states of each of

these three characters found in cicindines,

namely closed, separate, and biperforate

coxal cavities, traditionally have been con-

sidered the apotypic state (Sloane 1 923, Bell

1967) in relation to their respective alter-

nate state (i.e. open, confluent, and un-

bridged). However, Hlavac (1975) reported

the bridged condition in several groups (e.g.

in Leistus, Carabus, Hiletus and cicinde-

lines) whose members were thought to have

uniperforate coxae only (Bell 1967, Erwin

and Stork 1985). The distribution of bridged

front coxal cavities as reported by Hlavac

(1975) suggests that this condition repre-

sents the plesiotypic state of this character

among Adephaga. Also, detailed examina-

tion of the area of contact between pro-

pleuron and prostemum that forms the pos-

terior closure of the cavity suggests that the

method of closure differs in different groups

(Bell 1967, Hlavac 1975) and hence, that

closure may have evolved several times in-

dependently.

Cicindines share the apotypic pair of fea-

tures, closed and separate coxal cavities, with

a majority of the tribes of Carabidae, but

not with hydradephagans, trachypachines,

or a few other carabid-tribes— namely those

thought to represent the basal grade of cara-

bid evolution. Among the groups he ex-

amined. Bell (1967) found five of the eight

possible combinations of states for the three

two-state characters, and Hlavac (1975) re-

ported on a sixth combination (e.g. open,

separate, bridged) in Hiletus. Clearly, ho-

moplasy is involved in the present distri-

bution of these character states.

Mesothorax: The lateral wall of the mid-

dle coxal cavities in cicindines includes the

medial margin ofthe mesepimeron (Fig. 1 7),

the so-called disjunct condition (Sloane

1923, Jeannel 1941). Medially, mesostemal

and metastemal processes meet but do not
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completely separate the right and left coxal

cavities, which therefore remain at least

partly confluent internally (Fig. 1 7).

Sloane ( 1 923) grouped those tribes whose
members had disjunct middle coxal cavities

under the name Carabidae Disjunctae and

called the remaining carabids, in which the

mesepimeron is separated from the coxal

cavity by a posterolateral extension of the

mesostemum, the Carabidae Conjunctae.

However, the disjunct and confluent middle

coxae probably represent the plesiotypic

states ofeach ofthese characters (Bell 1967,

Kavanaugh 1986), so the monophyly of the

Carabidae Disjunctae is unsupported. Bell

(1967) suggested that conjunct middle coxal

cavities evolved independently in Notio-

philini and that Gehringiini may have

evolved the disjunct condition secondarily.

Aside from those possible exceptions, the

distribution of states of this character among
carabid tribes suggests that little or no ho-

moplasy is involved, and the Carabidae

Conjunctae may well be a monophyletic

group. If so, then most of the tribes with

which the Cicindini share closed and sep-

arate front coxal cavities form a monophy-
letic group that does not include them, and

independent closure of front coxal cavities

in the cicindines is again suggested.

Metathorax: In cicindines, a distinct met-

epimeron forms the lateral wall of the hind

coxal cavities (Fig. 17). Bell (1967) called

this condition disjunct, and recognized three

other states of this character: conjunct, in

which the metepimeron is apparently ab-

sent; lobate, in which the posterior edge of

the metepimeron is free and partially over-

laps the first visible sternum; and incom-

plete, in which the coxa extends to the mar-

gin of the body and the metepimeron is

apparently absent. The hind coxal cavities

are confluent medially in cicindines, as in

all other Adephaga except gehringiines and
rhysodines.

Bell (1967) suggested that the disjunct

condition is the ancestral (plesiotypic) state

and that the other states are apotypic, not

necessarily in any graded sequence. He pro-

posed that the incomplete condition, found

only in trachypachines, gehringiines, rhy-

sodines, and hydradephagans among extant

Adephaga, is a synapomorphy for the

trachypachines and at least some hydra-

dephagans (Gehringiini and Rhysodini were

excluded on other grounds; Bell 1 964, 1 967),

However, this arrangement of hind coxae is

found also in fossil protocoleopterans, fossil

and extant archostematans, and fossil eo-

dromines, as well as all extant hydradepha-

gans and trachypachines (Ponomarenko
1977). Kavanaugh (1986) suggested that this

trait was plesiotypic for Adephaga, with

other states evolved from it. Bell's hypoth-

esis for the transformation of this character

rests on the assumption that the ancestral

metathoracic arrangement of pleural scler-

ites was similar to, if not serially homolo-

gous with, the mesothoracic arrangement

found in extant forms with disjunct middle

coxal cavities (see Bell 1967: Fig. 1). If, how-
ever, the incomplete condition is plesiotyp-

ic, then the ancestral adephagan may have

lacked a distinct metepimeron, and the

sclerite found in extant cicindines and many
other carabids (and called the metepimeron)

may not be serially homologous with the

mesepimeron.

Metepimera of the type that define the

disjunct condition ofhind coxal cavities are

found in varied form among cicindines, cic-

indelines, elaphrines, loricerines, and scar-

itines, but they are best developed in the

first and last ofthese groups. Ifthis character

state is apotypic, as we suggest, then it may
be either synapotypic for these tribes or in-

dependently evolved in some or all ofthem.

Because few other synapotypic features ap-

pear to support close relationships between

cicindines and any ofthese particular tribes,

we suspect that homoplasy is involved in

the character state distribution of this char-

acter.

Front tibial spurs and antenna cleaner.—
Jeannel (1941) divided Carabidae into two

groups, based on the location of the front
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tibial spurs, form of the tibial apex, and

form and location of the antenna cleaner.

Those beetles with both spurs positioned

apically and the tibial apex truncate or near-

ly so, but with the antenna cleaner (setal

band; Hlavac 1971) extended and devel-

oped proximal to both spurs were included

in his Isochaeta. Among these were trachy-

pachines, gehringiines, metriines, ozae-

nines, and paussines. Ball (1979) added no-

totylines and cicindines (but see below) to

this group. The remaining carabids form a

second group, which Jeannel did not name,

but which has come to be called the Ani-

sochaeta (see Ball 1979). As Hlavac (1971)

noted, Anisochaeta includes a few groups

like the cicindelines and opisthiines in which

both tibial spurs are apical, the tibial apex

is only slightly oblique, and the antenna

cleaner is ofthe sulcate type (simply a trans-

verse setal band across the concave tibial

apex between the spurs). However, it also

includes groups in which the posterior tibial

spur is displaced proximally with the pos-

terior end of the setal band to form an an-

tenna cleaner more or less removed from

the tibial apex.

Jeannel (1941) was the first to recognize

that, among carabids, a proximal shift of

the antenna cleaner occurred both with and

without proximal displacement of the pos-

terior tibial spur. However, it was Hlavac

(1971) who suggested that the arrangement

of tibial spurs, tibial apex, and setal band

found in cicindelines, opisthiines (i.e. the

sulcate type of antenna cleaner) could serve

as a starting point from which development

of a proximally displaced antennal cleaner

could evolve along two different lines: one

involving proximal displacement of the

posterior tibial spur (the anisochaetous

mode) and one independent of spur dis-

placement (the isochaetous mode). The an-

isochaetous antenna cleaner has probably

evolved several times independently among
Carabidae, perhaps the most striking single

example of which is its occurrence in Pam-
borini, a group that is certainly closely re-

lated to cychrines and carabines (Moore

1966), all of which have sulcate antenna

cleaners. Cicindines have the antenna clean-

er sulcate (Fig. 19B), the plesiotypic state

for this character.

Mandibular setae.— Cicindines lack a se-

tiferous puncture in the scrobe of the man-

dible. Presence ofthis seta is considered ple-

siotypic, its loss apotypic. However, loss of

the seta has probably evolved in several lin-

eages independently. Carabid with special-

ized mandibles (Loricera, hiletines, and

Promecognathus, for example) lack a scro-

bal seta. Cicindine mandibles have a well-

developed scrobe but modified terebral

blade, which may account for absence ofthe

seta. Although Jeannel (1941) and others

have relied heavily on this character in their

classifications (Ball 1979), it contributes lit-

tle to an understanding of cicindine rela-

tionships.

Labral setae.— Bell (1964) identified the

number of setiferous punctures on the an-

terior margin of the labrum dorsally as an

important character for corroborating Jean-

nel's Isochaeta. He suggested that six was

the plesiotypic number of setae in carabids

and that a higher number characterized the

Isochaeta. Trachypachines, metriines,

paussines, and many ozaenines have ap-

proximately 12 such setae. Mainly on this

basis. Bell was able to exclude gehringiines,

which have only six labral setae, from the

Isochaeta (with which they share incom-

plete hind coxal cavities).

Labrum with six setae, the number found

in cicindines, is certainly the most wide-

spread condition among carabids, and it also

may be the plesiotypic state for this char-

acter at the family level, as Bell suggested.

However, some cicindelines and carabines

also have a higher number of labral setae,

up to 10 or 12. Phylogenetic relationships

among genera and species groups within

these tribes are still unclear, so the plesio-

typic number oflabral setae for each ofthem

cannot be determined at present. Among
ozaenines. Ball and McCleve (1990) found
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a range of from to 1 7 setae and suggested

that the highest numbers were plesiotypic,

the lower numbers apotypic. These data and

the fact that trachypachines, our choice as

the sister group for all other carabids, have

a high number of seta, suggest that this may
be the plesiotypic state for Carabidae. Six

or fewer (as in loricerines, for example) la-

bral setae may be apotypic within carabids,

but certainly not synapotypic for all taxa

with this trait (e.g. the independent reduc-

tion in number of setae within ozaenines

already cited).

Other assorted setae.— Presence or ab-

sence of several other fixed setiferous punc-

tures has been used widely in carabid clas-

sification (see Ball 1979 for summary). The
supraorbital setae, pronotal (midlateral and

basolateral) setae, and the discal and um-
bilicate series of elytral setae have been most

often considered. In cicindines, the poste-

rior supraorbital and midlateral pronotal

setae are absent. The anterior supraorbital

setae are also absent from Cicindis horni

specimens examined. A few very short and

fine discal setae occur on elytral interval 3

in C horni, but the elytral disc is asetose in

Archaeocindis johnbeckeri. Both species

have a well-developed umbilicate series of

12 to 14 very short, fine setae on interval 9.

With each of the setal characters just

mentioned, absence (or a reduction in num-
ber of setae in a series) is probably apotypic

in relation to the number and arrangement

in the hypothetical ancestral carabid. The
usefulness of these characters as indicators

of phylogenetic relationship, however, is

varied and probably less important than

their use as aides for identification, at least

for the present. The pattern of presence and

absence of these setae in cicindines suggests

no particular phylogenetic affinity with one

or more other tribes of carabids.

Metathoracic wing.—Ward (1979) ex-

amined metathoracic wing venation pat-

terns in Adephaga and found several char-

acters that he suggested are useful indicators

of phylogenetic relationship. Among these

are (1) shape of the Oblongum Cell (OC)

and relationship of4m-cu and 5m-cu cross-

veins to the M4 and Cubitus veins; (2) point

of insertion of M4 on the distal side of the

OC; (3) relative sizes of the Third Radial

(3RC) and Anterior Sector (SAC) cells. He
proposed that the plesiotypic states of these

characters are as follows: ( 1) OC transverse-

ly rectangular, with 4m-cu and 5m-cu cross-

veins clearly separated posteriorly; (2) M4
inserted in the anterior one-third of the dis-

tal wall of the OC; and (3) 3RC subequal in

size to SAC.
In cicindines (Fig. 16), the OC is nar-

rowed posteriorly, with the 4m-cu and 5m-
cu crossveins fused anterior to the Cubitus

to form a stalk for the OC; M4 is inserted

at or slightly anterior to the middle of the

distal wall of the OC; and 3RC appears to

be larger than SAC. This combination of

traits is not represented among examples

that Ward provided; and whether or not it

is shared with any ofthe many other carabid

groups that he did not discussed we cannot

judge.

The degree of usefulness of venational

characters in phylogenetic reconstruction

that Ward suggested remains untested in our

view. For example, among the nebriines

alone, shape of the OC varies from nearly

rectangular to distinctly triangular, with the

4m-cu and 5m-cu crossveins separate at the

Cubitus in some species, or fused for greater

or lesser distances anterior to the Cubitus,

resulting in shorter or longer stalks for the

OC in other species (Kavanaugh 1978). In

most, but not all, nebriines, M4 is inserted

on the distal wall of the OC distinctly pos-

terior to its midpoint (Kavanaugh 1979,

Figs. 33-35), whereas insertion closer to the

midpoint is at least suggested by Ward's

cladogram (Ward 1979, Fig. 22). Clearly,

additional detailed and comparative study

of venation patterns is needed before the

value ofthese characters can be determined.

Parameres of male genitalia.— Jeannel

(1941) made a detailed study of the para-

meres of male carabids and relied heavily
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on differences found among them in con-

structing his classification. Important fea-

tures included the degree of symmetry of

right and left parameres in shape and size

and the presence and distribution of setae

on them. Symmetrical and setose parameres

have been considered plesiotypic by most

workers following Jeannel.

In the Cicindis horni male examined, the

parameres are moderately long and slender,

only slightly asymmetrical (Fig. 27), with

the left slightly longer and narrower than

the right, and both apparently with two se-

tae apically. This arrangement is very sim-

ilar to that seen among bembidiines, tre-

chines, pogonines, and patrobines among
Jeannel's (1941) Stylifera, a group with

which cicindines share few other apotypic

features.

Coxostyli of female genitalia.— Bell ( 1 982)

and others have suggested that the apparent

absence of a gonostylus (or stylomere two)

from the ovipositors of female hydradeph-

agans, trachypachines, metriines, ozae-

nines, and paussines (i.e. the Isochaeta of

Bell 1 967) may be a synapotypic feature for

this group. However, Kavanaugh (1986)

noted that opisthiines, nebriines, notioka-

siines, and, in fact, many basal-grade cara-

bid groups also have females with a gono-

stylus either absent or fused with the

gonocoxite (or stylomere one) to form an

unjointed ovipositor. He suggested that this

condition was apotypic for the suborder

Adephaga, not just for the Isochaeta {sensu

Bell), and that structures called gonostyli

(second stylomeres) in female cicindelines,

carabines, cychrines, and most intermedi-

ate- and advanced-grade carabids may not,

in fact, be homologous with the gonostyli

of female Archostemata and Polyphaga. In

cicindines, the ovipositor blades, which we
refer to as the coxostyli, are unjointed, the

condition that we view as plesiotypic within

Carabidae.

Placement of Cicindini in relation to past

and present classifications.—We provided a

brief history of the placement of Cicindini

in carabid classification in our introduction.

But where would cicindines have been

placed in some of the more important clas-

sification schemes in which they were not

considered, and where should they be placed

now?
In the classification proposed by Sloane

( 1 923), Cicindini would be grouped with the

Carabidae Disjunctae-Clausae, but they

cannot be identified using Sloane's key. The
only tribes listed whose members have dis-

junct middle coxal cavities, closed front

coxal cavities, and terminal ft"ont tibial spurs

are the ozaenines and metriines; but ozae-

nines have the lateral elytral margin "with

a process [= the flange of Coanda; Ball and

McCleve 1990] on each side," and me-

triines have a mandibular scrobal seta. In

addition, the antennal cleaner is of the iso-

chaetous type in members of both of these

groups.

Cicindines cannot be placed within any

of the supratribal groups proposed by Jean-

nel (1941). The sulcate antenna cleaner ex-

cludes them from Isochaeta, the large, dis-

tinct metepimeron from the Simplicia, shape

and vestiture ofthe parameres ofmales from

the Scrobifera, and the disjunct middle cox-

al cavities from the Stylifera, Conchifera,

and Balteifera. They would have to be placed

in a separate group within the Limbata, near

the Scrobifera.

In his informal classification scheme, Bell

( 1 967) recognized a group that he called An-

isochaeta-Isopleuri, members of which have

front coxal cavities closed, separate, and un-

bridged, middle coxal cavities disjunct and

confluent, metacoxal cavities disjunct and

confluent, and antenna cleaner sulcate or

proximally displaced in the anisochaetous

mode (i.e. posterior tibial spur also dis-

placed proximally). Among these traits, the

only one not found in cicindines is un-

bridged front coxal cavities. As noted above,

distribution of the bridged condition, found

in cicindines, is still too poorly known
among adephagans to justify exclusion or

inclusion of cicindines on this basis alone.
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Cicindelines, loricerines, elaphrines, and

scaritines were included in the Isopleuri as

defined by Bell. Ball (1979) suggested that

Bell's groupings of tribes may represent

grades attained independently by different

clades, and we suspect that, in this view, he

is at least partially correct. Our reinterpre-

tation of some of the character polarities

reinforces this opinion.

The classification of carabids that most

closely reflects both our present understand-

ing and our ignorance of phylogenetic re-

lationships (Ball 1979) among extant supra-

generic carabid taxa is that proposed by

Kryzhanovskiy (1976). In that classifica-

tion, the four tribes in Bell's Isopleuri are

distributed among two subfamilies (Cicin-

delinae [= Cicindelini sensu Bell, and as we
have used the name in this report] and Ca-

rabinae) and three supertribes in the latter

subfamily (i.e. the Elaphritae, Loriceritae,

and Scarititae). We suggest that the best

placement of Cicindini in Kryzhanovskiy's

scheme is in a supertribe of its own, the

Cicindilae, between the Nebriitae and Ela-

phritae.

Monophyly of cicindine taxa and justifi-

cation for their ranking.—Our placement of

the Cicindini in the present carabid classi-

fication is both tentative and unsubstan-

tiated by an unambiguous set of nested syn-

apomorphies with other suprageneric taxa.

Nonetheless, the evidence for the mono-
phyly of the group and justification for its

recognition as a distinct tribe are provided

by a suite of autapotypic features that in-

cludes the following: (1) orientation of

mouthparts slightly hypognathous; (2) ex-

cept for gular region of head, entire ventral

surface of body and all surfaces of coxae,

trochanters, and femora covered with fine

pubescence; (3) gena with a sharp flange

ventral to eye; (4) compound eye very large;

(5) mandible with terebral blade long and

markedly down-curved; (6) mandibular
scrobe without a setiferous puncture; (7)

front coxal cavities closed and separate; (8)

tarsal claws asymmetric in length, with an-

terior claw longer than posterior; and (9)

eighth sternum and ninth/tenth tergum un-

divided. A tenth feature, hind coxal cavities

disjunct (metepimeron present and large),

may also be synapotypic for the group. Two
of these characters, (6) and (7), have been

used repeatedly as distinguishing features at

the tribal level. The remaining seven or eight

characters represent significant evolution-

ary novelties among carabid beetles that, in

concert, suggest a group with a long and

unique evolutionary history.

Justification for recognition of a distinct

genus for each of the two cicindine species

is based on autapotypic traits for each of

these taxa that suggest a degree of differ-

entiation between them at least as great as

between most pairs of closely related cara-

bid genera in other tribes. The following

autapotypic features are recognized for Ar-

chaeocindis: (1) body deep, subcylindrical;

(2) apical maxillary palpomere with large

sensory pit ventromedially in apical one-

half; (3) pterothoracic elytron-locking

mechanism and elytral epipleuron as in Fig.

1 8A; and (4) femora longitudinally concave.

Autapotypic features for Cicindis include ( 1

)

head without supraorbital setiferous punc-

tures; (2) dorsal surface of mandible with

obliquely transverse grooves and ridges; (3)

epilobes of mentum broadly rounded, nar-

rowly toothed anteromedially, and with six

or seven pairs of marginal and several pairs

of basal setiferous punctures; (4) submen-

tum narrow anteriorly, much narrower then

mentum, with three or four pairs of antero-

lateral setiferous punctures; (5) middle tibia

with a posterodorsal fringe of long, fine ac-

cessory setae; (6) hind tibia markedly ar-

cuate; (7) one or more tarsomeres on each

leg with fringes of accessory setae (see Figs.

22B-25B for distribution of fringes); and (8)

first visible (second) abdominal sternum

with deep lateral concavity.

Historical Biogeography

Jeannel (1942) recognized several carabid

groups whose present distributions include
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at least parts of the Guyana and Brazilian

Shields of South America, tropical and

southern Africa, Madagascar, and India. He
noted that, during the Mesozoic, these areas

were part of the western portion of the su-

percontinent, Gondwanaland, prior to the

development of the South Atlantic oceanic

basin by the end ofthat era. He called groups

with such extant distributions lignees ina-

bresiennes (Jeannel 1941, 1942) and sug-

gested that these disjunctions reflect the

fragmentation of what were more wide-

spread ranges in western Gondwanaland
through development of the southern At-

lantic Basin [vicariant event] in late Me-
sozoic time. Reichardt (1977, 1979) and

Noonan (1985) discussed the distribution

of cicindines and listed several other cara-

bid tribes with South American/African

disjunctions (e.g. hiletines, siagonines, and

apotomines). They agreed with Jeannel in

dating the initiation of these disjunctions

[vicariance] to the opening of the South At-

lantic, at least 65 million years ago. If this

timing of vicariance is correct, as we also

suggest, then Archaeocindis and Cicindis

have had at least that long to evolve inde-

pendently. Development of hypotheses

concerning the origins of the Cicindini and

their pre- or early-Gondwanian history must

await discovery (or at least recognition) of

their sister group.

Available data suggest that the two known
cicindine species differ in their habitat dis-

tributions: A. johnbeckeri adults apparently

occur on saline, intertidal mudflats of bays

in the Persian Gulf, and C horni adults have

been found only in the vicinity (microhab-

itat still unknown) of salt lakes in the in-

terior of Argentina. Were ancestral cicin-

dines coastal, sea beach inhabitants that

subsequently invaded interior saline lake

beds, or were they originally interior forms

that radiated into coastal areas?

Analogous to this apparent difference be-

tween cicindines are the different habitat

distributions of three pogonine species in

North America. Diplochaetus lecontei Horn

ranges from the Gulf Coast of Texas east to

Florida and north to New Jersey. Its mem-
bers are confined to sandy sea beach areas,

where they occur at the margins of standing

freshwater pools in dune areas (TLE, per-

sonal observations). Diplochaetus desertus

Van Dyke is known only from the shores

of the Salton Sea in southern California.

This saline water body was connected with

the Gulf of California until the late Tertiary

(early Pliocene) (Hunt 1974). Throughout

Quaternary time, its water levels have fluc-

tuated greatly, due to subsidence of its ba-

sin, sedimentation, continued development

ofthe Colorado River delta across its south-

em end, and changes in the channel of that

river itself (Shelton 1966). Pogonistes pla-

natus Horn is found throughout the interior

of the western United States, from Okla-

homa and Kansas northwest through Utah

to eastern Oregon, where it occurs at the

margins of saline lakes. These three habitat

types form a series, from coastal sea beach

to interior saline lake shore, with shores of

the relatively recently isolated Salton Sea

perhaps representing an intermediate stage

between these extremes. Has D. desertus

evolved from an ancestral, coastal form that

became isolated from the sea coast with the

separation of the Salton Sea from the Gulf

of California? Could similar (yet unknown)

events account for the evolution of other

forms, living at the margins of saline lake

beds, that have relatives in coastal areas?

Although the three pogonine species are

probably closely related (Van Dyke 1953),

phylogenetic relationships among them have

not been analyzed, nor has a suitable sister

group for them been proposed. Without ref-

erence to the habitat distributions of re-

spective sister groups, the polarity of ap-

parent transformations in habitat cannot be

determined for either the pogonines or the

cicindines considered. It is also possible that

present habitat distributions of one or both

groups are relictual, and that extinct or yet

unknown sister groups occupied (or pres-

ently occupy) completely different (e.g. non-
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saline) habitats. The recognition ofthe sister

group ofcicindines is the necessary next step

to understanding this and other aspects of

the evolutionary history of this group.

Structural Evolution,

Habitat, and Behavior

Several features ofadult form or structure

in one or both cicindine species are con-

spicuous or otherwise of special interest and

warrant at least brief comment here con-

cerning their possible function or signifi-

cance.

With a cicindine specimen in hand, one

is at first struck by its great similarity in

overall form to that of some tiger beetles

(Cicindelini). With many species in several

genera of cicindelines, it shares a similar

general body form, large compound eyes,

long legs, and an elytral pattern of marginal

pale markings. Additional similarities are

apparent under microscopic examination.

Cicindines and cicindelines both have closed

front coxal cavities and at least most species

of the latter group also have an apparent

metepimeron. Many tiger beetles (e.g.

Platychila pallida Fabricius and Megaceph-

ala limata Perty) have genal flanges, serrate

elytral margins (especially apically) and long

tibial spurs, just as in cicindines. In all tiger

beetles we examined, we found a metapleu-

ral elytron-locking mechanism very similar

to that occurring in cicindines. Based on

many other important features in which cic-

indines and cicindelines differ (see previous

discussion), it is clear that most, if not all,

of these similarities represent independent

(convergent) developments in the two
groups, probably in response to similar be-

havioral and/or habitat distribution pat-

terns. In fact most of these features are

shared with other carabid taxa as well.

Enlarged eyes, similar in form to those in

cicindines, are found also in Notiophilus,

Elaphrus, and Graphipterus adults and in at

least some genera of many other tribes (e.g.

Bembidiini and Lebiini) in addition to cic-

indelines. Members of most, if not all, of

these other groups are mainly day-active,

visually-oriented predators, although indi-

viduals are sometimes attracted to lights at

night.

Genal flanges seen in at least some cic-

indelines (e.g. Megacephala limata) appear

to be posterior extensions ofthe carinate rim

ofthe maxillary fossa across the gena. Those

in cicindines (Fig. 3) are separate from and

dorsal to a line drawn posterior to the rim

of the fossa. The cicindine flange appears to

serve as a forward extension of the thin, fin-

like plane established by the anteriorly ex-

tended apical angle of the pronotum under

the eye (see additional comments below).

Further expansion of this flange on the gena,

beyond the condition seen in extant cicin-

dines, might result in a functional arrange-

ment similar to that seen in most gyrinids,

where a broad, sharp flange on the sclerite

that divides each compound eye into dorsal

and ventral fields continues the trimline of

the pronotum anteriorly on the head. This

is no doubt a streamlining (perhaps also hy-

drofoil) adaptation in gyrinids for swimming
rapidly at the surface. Its function in cicin-

dines, where it is only partially developed,

may be similar if less eflicient.

Closure ofthe front coxal cavities provides

better protection ventrally for the membra-
nous intersegmental connection between pro-

and mesothoraces and permits increased

ventral motion of the prothorax (Hlavac

1975). Because tiger beetles often assume a

stance in which the venter is well above the

substrate (see below) and exposed, coxal clo-

sure may be an important protective adap-

tation in this group, and perhaps in cicin-

dines as well. The functional significance of

the metepimeron is unknown.

Very little comparative study has been

made of elytron-locking mechanisms in ca-

rabid beetles to date. The metapleural

mechanisms in cicindines and cicindelines

are at least similar in general form. Tiger

beetles depend on their ability to take flight

instantly, mainly for predator avoidance in

exposed areas. Their elytron-locking mech-
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anism must facilitate rapid release; and the

arrangement of metapleural and elytral epi-

pleural parts that form this observed mech-

anism would seem to provide such an op-

portunity. It appears that release would

involve simply lifting the elytra slightly, or

depressing the abdomen and posterior por-

tion ofthe metathorax slightly, or both. The
presence of such a mechanism in cicindines

suggests that they too can take flight quickly.

Serrate elytral margins occur among many
species and genera of cicindelines and also

in several bembidiine taxa (e.g. especially

among subtribes Anillina and Tachyina),

some carabines (e.g. a few Calosoma spp.),

and in single species in several other tribes.

Carabids with serrate elytra occupy a wide

range of habitats, from sandy sea beaches

and the open shores of lakes and streams to

the margins of forested swamps in tropical

regions. No pattern of co-occurrence with a

particular habitat or behavior pattern is ap-

parent to us at present, but this feature must

have some important function to have de-

veloped independently in several different

lineages.

Long, slender legs occur in many carabid

groups, but particularly in cicindelines, ne-

briines, cychrines, and platynines. Members
of each of these groups are fast runners, but

among these, cicindelines are probably the

fastest. Tiger beetles, the only one of these

groups with diumally active members, also

have legs most similar in form to those in

cicindines. Long legs not only facilitate lon-

ger strides, hence speed, but also may permit

the beetle to lift itself (behavior known as

stilting) well above the substrate, an impor-

tant advantage for life in open, exposed areas

where daytime temperatures at the substrate

surface may be extremely high (Pearson

1988).

Exceptionally long tibial spurs (especially

on the hind leg) are found in several different

carabid groups, including many cicindelines,

all masoreines, and in the genus Nemotarsus

among lebiines. These cicindelines and some
masoreines (e.g. Tetragonoderus spp.) run on

open, sandy substrates, whereas Nemotarsus

adults and other masoreines (e.g. Sarothro-

crepis spp.) are foliage or tree-trunk runners.

The habitat distributions of cicindines spe-

cies suggest that, like certain tiger beetles (e.g.

Megacephala and Platychila spp.), they run

on loose, particulate substrate. Long tibial

spurs may assist in gripping such substrates

and thereby facilitate running.

The only feature shared uniquely by cic-

indines and cicindelines (especially Cicin-

dela and Megacephala spp.) is the elytral

pattern of marginal pale spots. In fact, the

patterns are different in detail in the two

groups; but, overall, they are more similar

to each other than either is to any other

carabid with which we are familiar. The pat-

tern is probably cryptic, an example of dis-

ruptive coloration, in the respective habi-

tats of these beetles.

Cicindines share other features with a di-

verse array of other adephagans, again,

clearly through independent development

of these traits. A pale body and appendages

is shared with many carabids, especially with

species that live in sea beach, desert playa,

or other exposed habitats. Such species in-

clude Nebria diversa LeConte and Euryne-

bria complanata (Linnaeus) (Nebriini),

Platychila pallida (Cicindelini), Pogonistes

planatus (Pogonini), and Tetragonoderus

pallidus Horn (Masoreini). Among cara-

bids, only cicindines are known to have

asymmetrical tarsal claws; however, several

group of dytiscids (e.g. Colymbetini, Hy-
driphini, and a few genera in other tribes)

have adults with asymmetry in claw length.

Setal fringes on tibiae and tarsi, which aid

in swimming, are widespread among hy-

dradephagans, but among carabids, they are

known to us only in C horni adults. An-

terior projection of the apical pronotal an-

gles, lateral or ventral to the compound eyes,

as thin, fin-like planes that are closely fit

against the head, occurs in cicindines, some
cicindelines (e.g. Platychila pallida), omo-
phronines, amphizoids, many dytiscoids,

and gyrinids.
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One feature ofadults ofboth C horni and

A. johnbeckeri that occurs elsewhere among
adephaga chiefly in a few genera or species

of the higher-grade carabid tribes (e.g. har-

palines or chlaeniines), is the presence of

dense setae on the venter. These setae may
be hydrofuge in function and serve to trap

air in a functional gill (Hinton 1976) for

respiration during submersion underwater.

Alternately, they may contribute to ther-

moregulation by providing insulation from

heat rising from the substrate. In fact, they

may serve both functions under appropriate

conditions.

Although almost nothing has been ob-

served directly about the microhabitat re-

quirements or behavior of cicindines, con-

sideration of their unusual suite of structural

features suggests to us several hypotheses

about their biology that can be tested by

subsequent observations of these beetles in

the the field. We suggest that they behave,

in many ways, like many diurnal tiger bee-

tles, as fast-running, visually oriented pred-

ators that inhabit hot, open, saline habitats

and take to flight rapidly, at least when dis-

turbed. Both species have features that sug-

gest an ability to withstand submersion (hy-

drofuge hairs) and to swim (tibial and tarsal

setal fringes in C. horni, concave femora in

A. johnbeckeri, asymmetrical tarsal claws in

both), perhaps chiefly at the water surface

(genal flanges and anteriorly projected api-

cal pronotal angles below the compound
eyes). In general, structural features inter-

preted as adaptations for swimming (i.e. se-

tal fringes, asymmetry of tarsal claws) are

more highly developed (relatively apotypic)

in C horni adults, those for running on hot,

loose substrates (longer legs, exceptionally

long tibial spurs) are better developed in A.

johnbeckeri adults.

Prospectus for Future Study

Further advance in our understanding of

cicindine carabids must await additional

specimens, both dead and alive, and field

observations of behavior and habitat dis-

tributions. Additional museum specimens

will permit greater freedom for dissection,

thereby allowing a review of structures not

yet properly examined, especially the male

and female genitalia of both species. Live

adults are needed for rearing cicindine lar-

vae, which remain unknown. Larval fea-

tures may provide additional clues to rela-

tionships of this tribe with others. Field

observations of habits and habitats are

needed to confirm our suggestion, for ex-

ample, that C. horni adults are excellent sur-

face swimmers, using their specialized legs

for this purpose. Comprehensive morpho-
logical studies of both adults and larvae are

urgently needed throughout the Adephaga
to broaden and refine the base of compar-

ative data available about carabid form and

structure. Characters used traditionally in

carabid systematics have helped to establish

a classification that functions moderately

well but has failed to provide us with a clear

understanding of relationships. New char-

acters must be identified and surveyed and

new techniques employed to resolve present

conflicting observations.

Acknowledgments

We thank curators L. Dieckmann (DEIE),

A. O. Bachmann (MACN), R. A. Ronderos

(UNLP), and N. E. Stork (BMNH) for the

loan of specimens in their charge and their

patience during this protracted study. We
also thank George L. Venable for the com-
puter-drawn habitus illustrations and anon-

ymous reviewers and Michael G. Pogue for

their helpful suggestions for the improve-

ments for early drafts of the manuscript.

George E. Ball added significantly to this

study by generously sharing with us his in-

sights and experience concerning carabid

classification and diversity and by provid-

ing unending encouragement to us over the

decades of our respective professional as-

sociations with him.

Finally, to the memory of our departed

friend and colleague, Donald R. Whitehead,

we dedicate this paper.



VOLUME 93, NUMBER 2 377

Figs. 3, 4. Fig. 3. Head, left lateral aspect; A, Archaeocindisjohnbeckeri (Banninger); B, Cicindis horni Bruch;

aa = antennal articulation; ce = compound eye; cl = clypeus; gf = genal flange; lb = labrum; md = mandible;

mxf = maxillary fossa; pgg = postgenal groove; pn = pronotum; pp = propleuron; ps = prostemum; ss =

supraorbital seta. Fig. 4. Right antenna, dorsal aspect; A, Archaeocindis johnbeckeri (Banninger); B, Cicindis

horni Bruch.
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B

u
^'^

n ^~l' T'^' f
^^'"^"' ^"^ ^'^P^"'' ''°'"'''' ^'P^^t' ^' Archaeoandis johnbeckeri (Banninger)- B Cicindishorru Bruch; cl ^ clypeus; lb = labrum. F.gs. 6, 7. Mandibles, Cand^s horni Bruch; A, dorsal aspect B v ntra"C, la eral aspects. Fig. 6. Left mandible. Fig. 7. Right mandible. At = accessory tooth (homology unknownTaTt

terebral blade, tm = terebral margin; tt = terebral tooth.
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o r?' n
^^' ^' ^^^ "^3^'"^' ventral aspect, Archaeocindisjohnbecken (Banninger); sp = sensory pit Fig

9 Left maxillary palpus, ventral aspect, Cicindis harm Bruch. Fig. 10. Labium, ventral aspect; A, Archaeocindis
johnbecken (Banmnger)- B, Cicindis horni Bruch. Fig. 11. Mentum and submentum, ventral aspect- A Archaeo-
cindis johnbeckeri (Banninger); B, Cicindis horni Bruch; mnt = mentum; sbm = submentum
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A tr pip 14

Figs. 12-14. Prothorax. Fig. 12. Pronotum, dorsal aspect; A. Archaeocindis johnbeckeri (Banninger); B,

Cicindis horni Bruch. Fig. 13. Archaeocindis johnbeckeri (Banninger), ventral aspect. Fig. 14. Cicindis horni

Bruch; A, ventral aspect; B, left ventrolateral oblique aspect. Cx = front coxa; fe = front femur; pcb = dorsal

bridge of front coxal cavity; pec = front coxal cavity; pip = prostemal intercoxal process; pn = pronotum; pp
= propleuron; ps = prostemum; tr = front trochanter; stippled areas = non-sclerotized areas.
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Fig. 15. Left elytron, dorsal aspect; A, Archaeocindis johnbeckeri (Banninger); B, Cicindis horni Bruch.
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SAC SRC

Figs. 16-18. Fig. 16. Left metathoracic wing, dorsal aspect; A, Archaeocindis johnbeckeri (Banninger); B,

Cicindis horni Bruch; Cu = Cubitus; M4 = fourth branch of the Media; O = Oblongum Cell; SAC = Anterior

Sector Cell; 3RC = Third Radial Cell; 4m-cu = fourth medio-cubital crossvein; 5m-cu = fifth medio-cubital

crossvein. Fig. 17. Pterothorax, left ventrolateral oblique aspect, Cicindis horni Bruch; eep = elytral epipleuron;

Ic = lateral concavity of first visible sternum; msec = middle coxal cavity; msem = mesepimeron; mses =

mesepistemum; mss = mesostemum; mtc = metacoxa; mtem = metepimeron; mtes = metepistemum; mts =

metastemum; SI = first visible sternum; stippled areas = nonsclerotized. Fig. 18. Metathoracic elytron-locking

mechanism, left ventrolateral oblique aspect; elytron lifted slightly dorsad of resting position; A, Archaeocindis

johnbeckeri (Banninger); B, Cicindis horni Bruch; eep = elytral epipleuron; msem = mesepimeron; mtem =

metepimeron; mtes = metepistemum; SI = first visible sternum.
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Figs. 19-21. Left tibiae. Fig. 19. Front tibia, Cicindis horni Bruch; A, anterodorsal oblique aspect; B, ventral

aspect. Fig. 20. Middle tibia, dorsal aspect; A, Archaeocindis johnbeckeri (Banninger); B, Cicindis horni Bruch.

Fig. 21. Hind tibia, dorsal aspect; A, Archaeocindis johnbeckeri (Banninger); B, Cicindis horni Bruch.
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Figs. 22-25. Left tarsi; A, Archaeocindisjohnbeckeri (Banninger), female; B, Cicindis horni Bruch, male. Fig.

22. Front tarsus, dorsal aspect. Fig. 23. Front tarsal claws, apical aspect. Fig. 24. Middle tarsus, dorsal aspect.

Fig. 25. Hind tarsus, dorsal aspect.
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Figs. 26, 27. Male genitalia, Cicindis horni Bruch. Fig. 26. Ring sclerite, dorsal aspect. Fig. 27. Median lobe

and parameres; A, ventral aspect; B, dorsal aspect; C, left lateral aspect.
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Figs. 28-32. Female genitalia; stippled areas = unsclerotized areas. Fig. 28. Eighth sternum, ventral aspect;

A, Archaeocindis johnbeckeri (Banninger); B, Cicindis horni Bruch. Fig. 29. Ninth/tenth tergum, dorsal aspect,

Cicindis horni Bruch. Fig. 30. Left gonangulum, ventrolateral aspect, Cicindis horni Bruch; scale line = 0.
1
mm.

Fig. 31. Left coxostylus, ventral aspect; A, Archaeocindis johnbeckeri (Banninger); B, Cicindis horni Bruch; scale

line = 0.1 mm. Fig. 32. Bursa copulatrix and spermathecal apparatus, Cicindis horni Bruch; A, dorsal aspect;

B, left lateral aspect; C, schematic, left lateral aspect; be = bursa copulatrix; cs = coxostylus; gp = gonopore; sd

= spermathecal duct; sp = spermalheca; scale line = 0.1 mm.
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Figs. 33-35. Geographical distribution maps. Fig. 33. Tribe Cicindini. Fig. 34. Cicindis horni Bruch. Fig.

35. Archaeocindis johnbeckeri (Banninger). Scale line = 500 km.
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Abstract. — Cladistic biogeographic methods are used to derive a general area cladogram

for the montane areas of Mexico from the taxon-area relationships exhibited by Mexican

taxa in the platynine carabid genera Elliptoleus and Calathus. Mexican species of both

genera are largely restricted to humid montane forest habitats north of the Isthmus of

Tehuantepec, and are representative of the Nearctic Distribution Pattern of Halffter. The
general area cladogram based on these two groups supports the monophyly of areas in

the Sierra Madre del Sur and the Transvolcanic Sierra, with these two major mountain

systems together considered the sister group to the Sierra Madre Occidental plus Rocky

Mountain Cordilleras. The Rio Balsas depression has not been crossed by taxa in either

genera during their diversification in Mexico, with faunal exchange likely occurring several

times along the Atlantic versant between the Transvolcanic Sierra and Sierra de Oaxaca.

The Sierra Madre Oriental exhibits dual affinities; the northern reaches share species

across the Chihuahuan desert with the Sierra Madre Occidental, whereas the southern

portion supports endemic species with northern affinities and a widespread species also

found in the Transvolcanic Sierra. Areas of endemism are smaller in the southern moun-
tains and larger to the north, supporting the greater role of the southern montane regions

of the Sierra Madre del Sur and Transvolcanic Sierra in the generation of species-level

diversity.

Key Words: Coleoptera, Carabidae, Platynini, Elliptoleus, Calathus, biogeography, cla-

distics, Mexico

The rugged topography of the Mexican space due to their extremely limited distri-

mountains supports an incredible array of butions. In many cases, species exhibiting

carabid beetle species, among them many restricted distributions are brachypterous,

species of the Tribe Platynini. Based on the making long-range dispersal events an ex-

field collecting of Don Whitehead, George tremely unlikely means of colonizing new
Ball, and subsequent associates, we know areas. Based on gut contents, platynine cara-

that there are more than 300 species as- bids are generalized predators or omni-

signable to the genus Platynus within the vores, feeding on a variety of terrestrial ar-

borders of Mexico (Whitehead 1973, Lieb- thropods. Given their highly endemic
herr, unpubl. data). This diversity is due distributions, limited dispersal ability, and

both to large numbers of species at any one generalized feeding habits, platynine cara-

locality, and to replacement of species across bids inhabiting montane regions comprise
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a taxonomic group ideal for cladistic bio-

geographic analysis (Platnick and Nelson

1978, Humphries and Parenti 1986).

I recently completed a taxonomic revi-

sion and cladistic analysis of the genus El-

liptoleus, a genus of 1 1 species distributed

from Arizona and Texas south in the Mex-
ican mountains to the Isthmus of Tehuan-

tepec (Liebherr 1991). That study resulted

in a fundamental area cladogram based on

Elliptoleus distributions. When the data of

Ball and Negre ( 1 972) were reanalyzed using

cladistic parsimony, the Mexican species of

the fellow platyninc carabid genus Calathus

proved to exhibit taxon-area relationships

concordant with those observed in Ellip-

toleus. This paper presents the derivation

of the fundamental area cladograms for both

taxa from their respective taxon-area clado-

grams, followed by derivation of a general

area cladogram for the Mexican montane
forest regions inhabited by species of these

two genera. This general area cladogram is

interpreted in light of geological data and

distributional data from a variety of other

Mexican montane taxa.

Mexican Montane Biogeographic

Patterns

Halffter attempted to distill the vast array

of distributional patterns observed in the

Mexican montane insect fauna, and cate-

gorized them as the Nearctic Distribution

Pattern, the Paleo-American Pattern, and
the Meso-American Montane Pattern

(Halffter 1976, 1987). He considered taxa to

represent one of these three patterns based

on criteria including overall distribution of

the group in question and its near relatives,

the amount ofsympatry among species, and
the diversity of habitats occupied by species

of the group.

Halffiter considered taxa exhibiting the

Nearctic Distribution Pattern to have un-

dergone Pliocene to Pleistocene diversifi-

cation in the mountains of Mexico. Many
possess near relatives (cladistically their sis-

ter group), or member species-level taxa dis-

tributed in North America north of Mex-
ico. Their southern limit of distribution is

often the Isthmus of Tehuantepec, and if

they have species in Central America, such

diversity is limited. These taxa occupy hab-

itats that are found above 1 700 m elevation;

usually temperate conifer forests and high

altitude grasslands.

Paleo-American Pattern taxa differ from

those representing the Nearctic Pattern

principally by exhibiting greater ecological

and taxonomic diversity, as well as sister

group relationships across Beringia with

Old World temperate and tropical groups.

These taxa are restricted to the Mexican

montane regions, with ecological prefer-

ences spanning habitats that include deserts,

grasslands, and rain forests. Like Nearctic

Pattern taxa, Paleo-American groups may
have representative member taxa in Central

America.

Halffter's Meso-American Montane Pat-

tern is represented by taxa with a center of

diversity in nuclear Central America. They
may have South American affinities (cla-

distically a South American sister group),

as well as member taxa in the tropical and

cloud forests further north in the mountains

of Oaxaca, and further north and west along

the Atlantic and Pacific versants. The Meso-

American Pattern taxa are hypothesized to

have diversified earlier than the Nearctic

Pattern taxa, due to their South American

affinities and Central American diversifi-

cation; Halffiter hypothesizes their diversi-

fication in Central America starting in Oli-

gocene.

Materials and Methods

Taxa.— There are 1 1 species ofEIliptoleus

(Liebherr 1991), with the aggregate distri-

bution delimited by Texas and Arizona on

the north, and the Isthmus of Tehuantepec

to the south (Fig. 1). Most species occur in

humid temperate forests at 1400 to 3300 m
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elevations, exhibiting a high degree of fi-

dehty to the oak-alder-pine forest habitat,

with only the northern species E. acute-

sculptus found in drier, more open habitats

in the Chihuahuan desert region. I have col-

lected E. acutesculptus in pine savannah near

Saltillo, Coahuila, where beetles were found

only in the shade under the pine trees, in-

dicating that this species prefers cooler,

moister situations within its more open

habitat. Elliptoleus acutesculptus is the only

species in the genus for which some indi-

viduals possess fully developed metatho-

racic flight wings; 4 of 63 examined speci-

mens were macropterous, the remainder

possessing vestigial wings (Liebherr 1991).

All other Elliptoleus species are character-

ized by vestigial flight wings.

Based on Halfflter's (1987) classification

of biogeographic patterns, Elliptoleus ex-

hibits the Nearctic Distribution Pattern. Its

sister group is the Holarctic genus Sericoda

Kirby. Species are restricted to montane
forests, and have not diversified ecologically

into other habitat types. No species of El-

liptoleus are found south of the Isthmus of

Tehuantepec. Nonetheless, Elliptoleus does

not exactly fit Halfflter's criteria. Based on
its sister group relationship with Sericoda

and diversification patterns within that ge-

nus, Elliptoleus most likely diversified in

Mexico starting in Miocene (Liebherr 1 99 1),

not as late as Pliocene to Pleistocene as pre-

dicted for Nearctic Pattern taxa by Halfi'ter.

Calathus comprises 20 species in North
America north of the Isthmus of Tehuan-
tepec (Ball and Negre 1972). The Mexican
species exhibit fidelity to the humid oak-

alder-pine forests (Fig. 2) more striking than

that exhibited by Elliptoleus. Similar to El-

liptoleus, species of Calathus from farther

north in Texas are found in more open hab-

itats, but again beetles in these areas tend

to cluster under oak trees in such savannah
habitats (JKL, unpubl. data), indicating a

preference for cooler, moister microhabi-

tats. All Mexican species of Calathus are

constantly brachypterous, but the six spe-

cies found in North America north of Mex-

ico— C(2/<3//7W5' advena, C. ruficollis, C. gre-

garius, C. opaculus, C. calceus, and C.

ingratus— vary from constantly to rarely

macropterous.

Ball and Negre (1972) considered the di-

versification of Mexican Calathus to have

started in Miocene. Given the occurrence

of northern taxa in the genus, Calathus is

also a representative of Halffter's Nearctic

Distribution Pattern.

Cladistic biogeographic methods.—The
protocol for cladistic biogeography first in-

volves development of a taxon cladogram,

which is converted to a taxon-area clado-

gram by substituting the areas taxa occupy

for the taxonomic names of the original

cladogram. The taxon-area cladogram is

subsequently reduced to a fundamental area

cladogram in which each area is represented

only once. This reduction may be accom-

plished using several different sets of con-

ditions, named Assumptions 0, 1, and 2

(Nelson and Platnick 1981, Wiley 1987,

Zandee and Roos 1987, Page 1989, 1990).

These assumptions determine different

methods of analyzing widespread taxa, re-

dundantly represented areas, and areas

missing from the distribution of one taxon

but represented by another (Humphries and

Parenti 1986, Carpenter in press).

How the three sets of assumptions inter-

pret widespread species is most relevant to

this analysis. Conversion of a taxon-area

cladogram to a fundamental area cladogram

is straightforward under conditions of As-

sumption 0. In this case, widespread taxa

are assumed indicative of areas that share

a most recent common ancestry. Under As-

sumption 1 , widespread taxa are indicative

of taxa that either have not responded to a

most recent vicariant event, as assumed un-

der Assumption 0, or to some earlier vi-

cariant events. Assumption 2 is the least

restrictive with regard to interpretation of

widespread taxa, allowing the conditions

under Assumption 1 to prevail, plus the as-

sumption that the species' range may have

been determined in part via dispersal sub-

sequent to the origin of the species.
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Fig. 1 . Distribution of Elliptoleus collection records and humid montane forest habitat (stippled) (from

Liebherr 1991).

After fundamental area cladograms are

determined for all relevant taxa, these

cladograms may be compared in order to

determine what area relationships, if any,

are generally represented. Fundamental area

cladograms have been generalized using

component analysis (Nelson and Platnick

1981, Page 1989, 1990), overall parsimony

of combined data sets (Wiley 1987), and

component compatibility (Zandee and Roos

1987).

For this analysis, the character data for
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Fig. 2. Distribution of Calathus collection records in Mexico and adjoining United States, and humid

montane forest habitat (stippled) (data derived from Ball and Negre 1972).

Elliptoleus were taken from Liebherr (1991).

As only 1 1 taxa were represented in the

analysis, the most parsimonious taxon

cladogram was exactly determined using the

exhaustive search option, ie*, of the

Hennig86 cladistic computer program (Far-

ris 1988). Hennig86 was also used to deter-

mine the most parsimonious cladogram for

Calathus. In this case, the data presented

by Ball and Negre (1972) were modified by

removing autapomorphies (characters d, e,

j, 1, m, and n), followed by coding the re-

maining potential synapomorphies as bi-

nary or additive binary characters (Kluge
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and Farris 1 969). The multistate characters

that were converted to additive binary char-

acters included character 3, which was re-

coded as three unit characters, and char-

acter 5, which was receded as two unit

characters. The resultant data matrix com-
prised 14 unit characters for the 20 taxa,

and was analyzed using the m* network

building, and bb* branch and bound op-

tions of Hennig86.

Taxon-area cladograms for both taxa were

determined by comparing distributions of

all species in both genera, and delimiting

areas of endemism by the most restrictive

species distributions for any geographic re-

gion occupied by a species in either genus.

Areas of endemism were defined as: 1) an

allopatric species distribution, 2) a region

where several congeners are sympatric, or

3) the allopatric remainder of a species

range where two species ranges partially

overlap. A single species may therefore oc-

cupy several areas ofendemism determined

by its distribution alone, by overlap with

one or more other congeners, or by occu-

pation of part of its range by geographically

more restricted species in the other genus.

This method resulted in areas ofendemism
that may be defined by the coincident dis-

tribution of species, or by the intersection

of two incompletely overlapping species

ranges. In the former case, the area may be

interpreted as a monophyletic entity, diag-

nosable by the endemic distribution of one

or more species. In the latter case, the areas

are diagnosable only by the distribution of

one species relative to the presence or ab-

sence of another; i.e. they are analogous to

paraphyletic taxa. Each area of endemism,
whether currently interpretable as mono-
phyletic or paraphyletic, has been defined

by past speciation events, with subsequent

dispersal causing sympatry. Prior to such

dispersal, areas currently considered para-

phyletic may have been home to an endemic
species, i.e. monophyletic. As the analysis

commenced without any prior knowledge

of area relationships, much less the history

of dispersal of widespread taxa, areas of en-

demism defined by both criteria were ad-

mitted. Accepting both types of areas of

endemism allowed concordance of phylo-

genetic patterns ofall taxa, regardless ofgeo-

graphic extent, to determine hypotheses of

area relationships.

The taxon-area cladograms were reduced

using the conditions of Assumption (Wi-

ley 1987). To do this, the terms and com-

ponents (Nelson 1979) of each taxon-area

cladogram were scored in an area X term

and component data matrix, with species

presence in an area coded 1, and species

absence coded (Wiley 1 987). The resultant

fundamental area cladogram was rooted by

designating an out-area coded by all O's. As-

sumption determines that widespread

species indicate a monophyletic relation-

ship for the areas they occupy. This set of

conditions allows straightforward compu-

tation of a fundamental area cladogram, as

it is determined as the most parsimonious

rooted network of areas derivable from the

area X term/component matrix. This net-

work was obtained using the m* and bb*

options of Hennig86.

The fundamental area cladograms for El-

liptoleus and Calathus were compared by

two methods. In the first, the areas unique

to each taxon were removed from the fun-

damental area cladograms, and a consensus

cladogram determined by the method of

Adams (1972). Areas unique to either fun-

damental area cladogram were then re-

placed on the consensus cladogram based

on their position in either fundamental area

cladogram. By the second method (Wiley

1 987), the area X term/component data ma-
trices ofthe two genera were combined, with

the areas missing from either taxon-area

cladogram coded as unknown (? in

Hennig86) for all terms and components.

The combined data matrix was then ana-

lyzed using the m* and bb* options of

Hennig86, producing a single set of most

parsimonious area networks.
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Results

Taxon cladograms.—The exact analysis

of Elliptoleus data results in four equally

parsimonious cladograms of 3 1 steps, con-

sistency index 0.64, and retention index 0.63

(Farris 1989). The taxon cladogram chosen

for this analysis was one of the four (Fig. 3).

The others differed by resolving E. vixstria-

tus as the sister group for the six other spe-

cies joining at the trichotomy of Fig. 3 (2

trees), and by placing E. zapotecorum and

E. whiteheadi as sister taxa (2 trees). The
topology of Fig. 3 is preferred because it: 1)

is one of the 4 most parsimonious clado-

grams, 2) does not resolve the trichotomy

based on ambiguous data, and 3) places the

geographically adjacent E. crepericornis and

E. whiteheadi as sister species (Liebherr

1991).

Analysis of the Calathus data resulted in

nine equally parsimonious cladograms of30

steps, consistency index 0.46, and retention

index 0.69. Of the nine, three cladograms

satisfied a character transformation series

whereby flight wing reduction was unre-

versed during phylogeny (Fig. 4). The six

other cladograms necessitated that C ad-

vena, or C advena and C. opaculus evolve

the macropterous condition from ancestors

that were constantly brachypterous. This

transformation series was rejected because

of the single allelic control of wing poly-

morphism in several closely related cara-

bids (Lindroth 1946, Aukema 1986), and
the assumption that once flight wings were

lost, selection would operate to break up the

closely linked wing development genes, fa-

cilitating further reduction in the metatho-

racic sclerites associated with the flight mus-
culature. This argument, then, can be

characterized under DoUo's rule for the re-

duction of complex characters.

The three equally parsimonious Calathus

cladograms differ in resolution of the six

species comprising the sister group to C.

aztec (Fig. 4). Successive sister groups to-

tally resolved on one cladogram, and re-

rj= outgroup
[= rF= acutesculptus— — olisthopoidesthop(

corvus
I— curtulus
I n= vixstriatus

balli
tequilae

[— luteipes
[[= zapotecorum—
^1 n^ crepericornis

whiteheadiI IL_

[j= outgroup
[=11= advena

n= opaculus

Ln= calceus
n= ruficollis

l^ r;= gregarius
r= whiteheadi
= marmoreus
= rotgeri
= potosi
= ambigens

[[= durango
•^r= peropacus^ ingratus
fr= aztec

ovipennis
clauseni
mexicanus

bolivari
1 VF= leechi

lUT"

erwini

Figs. 3, 4. Taxon cladograms determined using

Hennig86. 3, Elliptoleus species. 4, Nearctic Calathus

species.

solved in part on one of the other two in-

clude: 1) C. aztec, 2) C ovipennis + C.

clauseni, 3) C. mexicanus, and 4) C bolivari

+ C. leechi + C erwini (Fig. 4). The two

cladograms partially resolving these rela-

tionships include a trichotomy of the above

groups 1, 2, and 3 + 4 while defining 3 as

the sister group of 4; and a trichotomy of

groups 2, 3, and 4 while defining group 1 as

the sister of 2 + 3 + 4. As the three clado-

grams result in identical fundamental area

cladograms under Assumption 0, choosing

one over any other is of no further conse-

quence for this analysis.
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Fig. 5. Areas of endemism defined by the distributions of species of Elliptoleus and Calathus.

Taxon-area cladograms.— Areas of en-

demism were defined for each group, and

were subsequently coordinated to allow

comparison of area relationships between

the two genera (Fig. 5). The taxon-area

cladogram for Elliptoleus (Fig. 6) illustrates

the relatively restricted distributions of most

species in the genus. No more than two spe-

cies are ever sympatric. Elliptoleus vixstria-

tus is the most widely distributed species,

found throughout the eastern Transvolcanic

Sierra. Other species are very restricted; e.g.

E. olisthopoides ranging from southwestern

Durango to eastern Sinaloa (area B), E. cor-

vus found near Volcan Ixtaccihuatl (area C),

and E. luteipes distributed on the flanks of

Cofre de Perote (area F). Areas ofendemism

in this genus are delimited by river valleys,

or are associated with uplifted areas sur-

rounding major volcanoes.

The taxon-area cladogram for Calathus

(Fig. 7) clearly illustrates a sister relation-

ship of the Mexican areas to North America

north of Mexico; five successive cladisti-

cally basal branches represent North Amer-

ican species. Calathus species are more

widely distributed than Elliptoleus species,

and up to four species may be sympatric;

e.g. in area C. Other species are of restricted

distribution; e.g. C. whiteheadi found in area
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H2 0=
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IU49J r=

J=i| fp23(NA)
I

^O ^IN^

^4 8^
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18 n=4(D + H)
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=29(A'

)
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^47=^h=3 2(A")

^!=3 3 (NA)
1=34 (C + E + F + K+L + M)
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n=44=*^36(F)

^!=45| [7=37 (C + E + F + H + N)M3 fp38(C)
^^42=^ ff=39(C + E + K + L)

H
[?= out-area
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(F

r ("

C
E
E
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A)
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NA)
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E)
K)
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Figs. 6-9. 6, 7. Taxon-area cladograms derived from taxon cladograms. 6, cladogram based on Elliptoleus

distributions. 7, cladogram based on Calathus distributions. Figs. 8, 9. Fundamental area cladograms derived

via parsimony analysis from taxon-area cladograms. 8, consensus cladogram of five equally parsimonious

fundamental area cladograms for areas occupied by Elliptoleus. 9, consensus cladogram of 1 1 equally parsi-

monious fundamental area cladograms for areas occupied by Calathus.

B, C bolivari restricted to area C, and C.

clauseni to area F. Whereas E. acutesculptus

is widespread in Coahuila and Chihuahua

(areas A, A', and A"), three species of Cal-

athus are restricted to portions of its range.

Several areas are represented by taxa in

only one of the genera: areas D, G, I, and J

by Elliptoleus; areas N and North American

north of Mexico (NA) by Calathus.

Fundamental area cladograms.—The area

X term/component data matrices for the

two genera (Table 1 ) were scored for species



VOLUME 93, NUMBER 2 399

Table 1. Area x term and component data matrix for areas occupied by Elliptoleus and Nearctic Calathus.

Term and component numbers correspond to Figures 6 and 7. Areas represented by components 50 to 54 are

identical to those of component 49. As inclusion of these all-inclusive components does not affect the topology

of any fundamental area cladogram, they are deleted from the matrix. If no taxon within the genus occurs in

an area, that area is coded as unknown (?). Such coded areas are used only in the combined analysis method of

Wiley (1987).
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A" A B A' F H C E K L M

B A A' A"C E F H K L M

11

A' B A A F H C E K L M

Figs. 10-12. Area cladograms including only areas

occupied by species in both Elliptoleus and Calathus.

10, area cladogram based on Calathus. 1 1, area clado-

gram based on Elliptoleus. 1 2, Adams consensus clado-

gram of Figs. 1 and 1 1 ; a general area cladogram

including areas occupied by taxa in both genera.

is represented in the Elliptoleus fundamen-
tal area cladogram (Fig. 8). Within the

Transvolcanic Sierran areas, K, L, and M
are defined monophyletically relative to ar-

eas C and E, with area F related at a lower

level of cladistic relationship.

Ifareas uniquely occupied by either genus

are replaced on this consensus cladogram

(Fig. 13), the distributionally defined cla-

distic areas generally join, forming tradi-

tionally defined geographic regions or geo-

logical features. Resolution of the Sierra

Madre del Sur areas G to J and the Trans-

volcanic Sierran areas C, E, K, L, and M is

supported. Area D, called the Old Oaxacan
area, represents part of the distribution of

E. curtulus, which is a cladistically basal

species in that genus (Fig. 6). Separation of

this area from areas G to J suggests a history

whereby two cladistic lineages have occu-

pied the Sierra Madre del Sur areas, an older

relationship resulting in E. curtulus, and a

younger relationship resulting in E. white-

headi, E. crepericornis, and E. zapotecorum.

Area F, the uplifted areas surrounding Cofre

de Perote, is separated from the other

Transvolcanic Sierran areas, suggesting ear-

lier vicariance at the eastern end of the

Transvolcanic Sierran region relative to the

western portions.

The basal dichotomy of the Sierra Madre
Occidental areas and areas of the Trans-

volcanic Sierra and Sierra Madre del Sur is

supported in the consensus cladogram. The
cladistic position of C. ingratus at a tri-

chotomy with C peropacus and C. durango,

and the widespread distribution of C. opa-

culus in areas A" and NA (Figs. 4, 7), results

in area NA being considered the sister to

A". This occurs in spite of Calathus exhib-

iting a cladistically basal sister area rela-

tionship between the Mexican and Arizo-

nan areas (areas A to N), and North America

north of Mexico; i.e. the Nearctic Distri-

bution Pattern (Fig. 7). As this result is due

to the taxon-area cladogram coding proce-

dure under Assumption 0, I explain the

placement of area "na" within the northern

Mexican areas as a consequence of second-

ary dispersal, and suggest that an older re-

lationship between North America north of

Mexico (area NA) and Mexico proper should

also be recognized.

This analysis separates the two areas that

comprise the Sierra Madre Oriental. Area

A', or the northern Sierra Madre Oriental,

exhibits affinities to the Sierra Madre Oc-

cidental, and area N, or the southern Sierra

Madre Oriental, is grouped with the areas

to the south. This result occurs because of
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Fig. 13. General area cladogram derived by adding areas unique to either genus to Fig. 12, given the area

relationships of Figs. 8 and 9. Area na's relationships were determined by parsimony analysis, but interpreted

as due to secondary dispersal in favor of a basal vicariant sister area relationship of NA with Mexican areas

(see text).

the undue influence of widespread taxa in

determining area relationships under As-

sumption 0. In this case, the widely distrib-

uted C. mexicanus inhabits area N and areas

ofthe Transvolcanic Sierra (Figs. 4, 7), caus-

ing area N to exhibit southern affinities. This

results even though C marmoreus, a species

endemic to the southern Sierra Madre Ori-

ental (Figs. 4, 7) is cladistically related to

species in the Sierra Madre Occidental. Once
again, we could hypothesize a recent sec-

ondary dispersal of C. mexicanus into area

N from the south, and an older relationship

of the entire Sierra Madre Oriental with the

Sierra Madre Occidental areas to the west.

The general area cladogram derived via

the consensus method can be portrayed geo-

graphically by plotting the levels of cladistic

relationship on a map of Mexico (Fig. 14).

The resulting "mola" map illustrates a de-

crease in the size ofareas ofendemism from

north to south. The southern areas of the

Sierra Madre del Sur are connected to the

Transvolcanic Sierran areas at a relatively

low level of relationship. Based on current

geologic structures, historically this connec-

tion has been made along the Atlantic ver-

sant via the Sierra de Oaxaca. The Rio Bal-

sas depression need not have been traversed

by any taxa in Calathus or Elliptoleus dur-

ing their history. The larger northern areas

are related to the southern areas at only a

low level ofcladistic relationship, indicating

a relatively long period for the isolation and

differentiation of taxa in the Transvolcanic

Sierra and Sierra Madre del Sur.
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T= out-area

Fig. 14. General area cladogram represented geo-

graphically as a "mola" map, with contours including

progressively more taxa at progressively lower levels

of cladistic relationship.

If the data matrices derived from the two

taxon-area cladograms are analyzed in com-
bination (Table 1) using the method of Wi-

ley (1987), ambiguity introduced by missing

areas in the two genera results in 24 equally

parsimonious general area cladograms pro-

duced by Hennig86. The consensus tree of

these 24 cladograms (Fig. 15) exhibits an

extensive lack of resolution. Nonetheless,

the basal dichotomy between the Sierra Ma-
dre Occidental areas and the areas to the

south is supported, as is monophyly of the

Transvolcanic Sierran areas C, E, K, L, and
M. Within the Sierra Madre Occidental ar-

eas, area A' is again placed as the outgroup

to the others (Figs. 13, 15), and areas A"
and NA are sisters.

Discussion

Taxon-area relationships in Calathus and
Elliptoleus are congruent, even though spe-

cies in these genera exhibit very different

(NA)

Fig. 15. General area cladogram derived by cla-

distic parsimony based on combined data matrix for

Ellipotoleus and Calathus. Cladogram is consensus of

24 equally parsimonious cladograms.

seasonality patterns. Elliptoleus species

would appear to spend the winter as adults,

as teneral individuals have been collected

in August (Liebherr 1 99 1 ). In support ofthis

contention, adults have been collected in

low numbers in January, February, and

March, although the relative rarity of spec-

imens precludes certainty about any aspect

o{Elliptoleus life history. All species oi Cal-

athus, conversely, overwinter in the larval

stage (Gilbert 1956, Hiirka 1986). That vi-

cariant patterns in these two genera are con-

gruent suggests that individuals ofthese spe-

cies are tightly tied to particular habitat

types, with vicariance fragmenting partic-

ular portions of these habitats. Whether lar-

vae or adults are present during drier, wet-

ter, cooler, or warmer seasons would not

appear important in determining the oper-

ation of vicariant barriers. This interpre-

tation discounts any dispersive activities of

individuals as causative forces in the zoo-

geographic history of these groups, an in-

terpretation consistent with the extremely

low vagility of these beetles.

This analysis assumes adherence to cla-

distic parsimony for the establishment of

taxon cladograms. Ball and Negre (1972)
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proposed a significantly different cladogram

and attendant zoogeographic scenario for

Calathus. They hypothesized several inva-

sions of North America by lineages o{ Cal-

athus originating in the Old World, and three

invasions of Mexico from North America.

Whereas their hypothesis is possible, the

cladogram they base it on is considerably

more complex than the one proposed above;

the cladogram of Ball and Negre is 36 steps

long, whereas the cladogram herein is 30

steps long. In this case, then, a more par-

simonious cladogram for Calathus results

in concordant patterns with Elliptoleus,

whereas Ball and Negre's more complex

cladogram does not. Acceptance ofthe more
parsimonious cladogram is therefore sup-

ported by both within-taxon and between-

taxon parsimony criteria.

The pattern of area relationships set out

above may be predicted for other taxa that

are ecologically restricted to humid mon-
tane forest habitats, and who have sister

groups inhabiting North America north of

Mexico. One such group is composed of the

sister genera Viridimicus and Parabyrso-

polis of the scarab beetle tribe Rutelini, sub-

family Rutelinae (Jameson 1990). Parabyr-

sopolis is monotypic, with its single species,

P. chihuahuae, restricted to pine-oak forests

in the Sierra Madre Occidental and western

Transvolcanic Sierra (areas A, B, K, L, and

M). Viridimicus comprises six species, two

ofwhich are found southeast of the Isthmus

of Tehuantepec, one whose range is un-

known, and three others: V. ratclijfei found

in area F, V. impunctatus restricted to area

J, and V. cyanochlorus occurring in area I.

These two genera have the North American
genus Paracotalpa and the northern to cen-

tral Mexican genus Parachrysina as unre-

solved outgroups. The cladogram proposed

by Jameson for the taxa of Parabyrsopolis

and Viridimicus, including only those taxa

inhabiting areas discussed for Calathus and

Elliptoleus, defines an area cladogram ofthe

topology: (A + B + K + L + M(F(I +
J))). This cladogram exhibits a basal di-

chotomy ofthe Sierra Madre Occidental plus

western Transvolcanic Sierra, versus the

eastern Transvolcanic Sierra plus Sierra

Madre del Sur. Whereas this basal structure

differs from the general area cladogram de-

veloped from Calathus and Elliptoleus, the

relationship of areas K, L, and M with A
and B is based strictly on the widespread

distribution of P. chihuahuae. The closer

relationship of Sierra Madre del Sur areas

(I and J) relative to area F of the Trans-

volcanic Sierra is shared with the general

area cladogram based on the carabid taxa.

The scarab taxon-area cladogram supports

the Rio Balsas depression as a potent bio-

geographic barrier, as the Sierra Madre del

Sur taxa are related to those further north

via taxa in the eastern Transvolcanic Sierra,

i.e. the Atlantic versant in Veracruz and Oa-

xaca. That two of the species of Viridimicus

inhabit the Sierra Madre de Chiapas, and

that the Parachrysina outgroup occurs in

central to northern Mexico, suggests that

these beetles may disperse more readily than

Calathus or Elliptoleus, or that their eco-

logical requirements are different, possibly

explaining the discrepancies in patterns

among the groups.

Other taxa exhibit elements of the area

relationships outlined for Calathus and El-

liptoleus. The scarab beetle genus Geotrupes

includes 1 2 Mexican and Central American

species, distributed in montane regions from

the Sierra Madre de Chiapas to the Sierra

Madre Occidental (Howden 1966). The
Middle American species are more closely

related to Old World taxa than they are to

the species in eastern North America. A tax-

on-area cladogram of the Middle American

species could provide illuminating compar-

ison with any of the above-mentioned taxa.

The monophyletic cyprinid fish genus Al-

gansea, found in the western Transvolcanic

Sierra and northward flowing rivers, forms

the sister group to five species of the genus

Gila, distributed further north in the Sierra

Madre Occidental (Barbour and Miller

1978). Other fish taxa, including Yuyuria,



404 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

Salmo, and Catastomus exhibit similar re-

lationships, and are considered represen-

tative ofa Western Mountain Track by Mil-

ler and Smith (1986). The distribution of

this track comprises a subset of the areas

included in Halflfter's Nearctic Distribution

Pattern.

Some ambiguity exists in the present

analysis concerning the relationships of the

areas in the Sierra Madre Oriental, and

whether the Sierra Madre Oriental should

be considered a monophyletic set of areas.

That the northern portions of this range

share faunal elements with the Sierra Madre
Occidental is well established. A number of

lizard (Martin 1958) and mammal (Baker

1956) species ofthe highland areas ofsouth-

em Coahuila, Nuevo Leon, and Tamaulipas

are also found in the Sierra Madre Occi-

dental. In other cases, divergence at the sub-

specific or specific level is observed between

taxa in the eastern and western mountains,

with sister-group status between the taxa

presumed, though not established cladisti-

cally. Much more mesic conditions in the

Chihuahuan desert during the Pleistocene

(Arellano 1951, Van Devender and Burgess

1985) and before would have facilitated such

biotic interchange. The affinities of the

southern reaches of the mountain system

are mixed. Affinities to the south are sug-

gested by the widespread distribution of C
mexicanus (Figs. 4, 7). Affinities to the north

are supported by the placement of C mar-

moreus with other species in areas A, A',

A", B, and NA (Figs. 4, 5, 7). Discovery of

Elliptoleus populations in area N would
provide another test of whether area N's

principal affinities lie to the north or to the

south.

Assumption was used to derive fun-

damental area cladograms in this analysis

because of the several widespread taxa in

both genera. Use of Assumptions 1 and 2

result in so many possible fundamental area

cladograms for each genus that we cannot

currently complete the analysis (JKL, un-

publ. data). In the future, given greater com-

puting power, the search for congruence

among fundamental area cladograms deter-

mined under Assumptions 1 or 2 conditions

may reduce the possible set of general area

cladograms to a manageable number. At the

present time, congruence under Assump-
tion establishes a general hypothesis for

further testing.

The use of a consensus cladogram (Figs.

12, 13) for the comparison of fundamental

area cladograms provides much greater res-

olution than the combined matrix parsi-

mony analysis with missing areas coded as

unknowns (Fig. 15). This suggests that

whenever there are areas missing from one

or another taxon's distribution, the analysis

ofcombined data matrices should be avoid-

ed when deriving a general area cladogram.

Moreover, the use of Adams' consensus

method allows resolution of areas based on

resolution observed in only one of the fun-

damental area cladograms, resulting in a

more falsifiable general hypothesis.

Dedication

It is no coincidence that patronymical

species names honoring Don Whitehead oc-

cur in the genera Calathus and Elliptoleus.

Don, in collaboration with George Ball,

contributed vast numbers of specimens of

undescribed taxa to the Strickland Museum
of Entomology, University of Alberta. This

collection will continue to form a legacy that

will allow us to gain an understanding ofthe

Mexican montane insect fauna and the ar-

eas it occupies. Indeed, the recently pub-

lished description of Viridimicus cyano-

chlorus includes a "Ball-Whitehead"

holotype specimen (Jameson 1990). Don
also pioneered the modem revision of the

Mexican Platynus, making it much easier

for all ofus who will follow. Don will remain

a character in the unfolding story of the

Mexican biota, even as many of the areas

he collected become ecologically decimated.

May understanding the area relationships

in Mexico assist efforts to assess their im-
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portance, hopefully assisting their preser-

vation.
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Abstract.— Scaphinotus {Stenaridia) ridingsi (Bland) differs from its very similar sym-

patric congener S. adrewsii (Harris) by having only three distal macrosetae on the pen-

ultimate maxillary podomere instead of four (the normal number for this genus).
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Around the year 1959 Donald R. White-

head was developing an interest in diplo-

pods about the same time I was starting to

collect carabid beetles. It is not surprising

that our paths soon crossed or that our

shared hobbies kept us in touch for many
years. Don was the person who showed me
how to "splash" for streamside carabids,

during a visit with me in Blacksburg, Vir-

ginia, and on the following day we collected

some of the paratypes of the subsequently

described Cyclotrachelus iuvenis (Freitag). I

thought at first to contribute a milliped pa-

per to this memorial issue, but inasmuch as

the Carabidae was really Don's first love it

seemed that something about ground bee-

tles would be more appropriate. It is a mat-

ter of regret that his interest in millipeds

never became a productive one. ... he col-

lected an enormous quantity of specimens

in Mexico and it is a pity he did not publish

on some of the more interesting finds.

As Don was well-aware, there remained

plenty of fine-tuning to be done with the

carabids of Virginia— not just with biolog-

ical aspects but also with distribution and

even taxonomy—and he encouraged me to

work toward an eventual faunistic study of

the state's ground beetles. A problem which

surfaced early in the work involved recog-

nition of two local species of cychrines. Its

solution, summarized in the following par-

agraphs, was not reached for nearly twenty

years and even then only by utter serendip-

ity.

The cychrine genus Scaphinotus is rep-

resented in Virginia by species referable to

the three subgenera Scaphinotus, Irichroa,

and Stenaridia, of which the last-named

contains seven species more or less localized

in and around the southern Blue Ridge. The

group was the subject of careful reviews by

J. M. Valentine (1935, 1936) and a biogeo-

graphical discussion by Barr (1969). Val-

entine distinguished species and species-

groups primarily on the basis of male

(aedoeagal and tarsal) characters, but his key

to species relied at one couplet on body size

and elytral sculpture. Thus, in what might

be called the "Andrewsii Group," S. (S.)

ridingsi was set off from aeneicollis, an-

drewsii, and tricarinatus by its smaller size

(less than 20 mm) and discrete elytral in-

tervals. Valentine's qualifying statement

".
. . if smaller than 23 mm elytral costae

interrupted and confluent on the marginal

and posterior disc" is not infallible since

small specimens oi andrewsii are in fact not

modified as described. As a result, in areas

such as western Virginia, where andrewsii

and ridingsi coexist, it is difficult to distin-

guish small females ofthe former from large
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Figs. I, 2. Penultimate palpomeres of maxillary

palpus in two species of Scaphinotus (Stenaridia), dor-

sal aspect, showing distribution of macrosetae a-d. 1

,

S. andrewsil Harris with typical number of four setae.

2, S. ridingsi Bland, setal pattern with seta b apparently

lost.

females of the latter (all coleopterists know
the frequency with which specimens cluster

around a supposed size-difference value).

Entirely by accident I recently happened

to notice a good unisex character which
seems to separate these two species in a sat-

isfactory way, namely the number of setae

on the penultimate article of the maxillary

palp. In andrewsii (and all other species of

Stenaridia that I have seen) the typical

number is four, dispersed in the pattern il-

lustrated (Fig. 1). In ridingsi, there are only

three setae, and judged from positional ho-

mology, it is the seta arbitrarily identified

as "b" which is lost from this species. My
colleague, Robert L. Davidson, upon learn-

ing about this setal character, had the op-

portunity to examine a number of addi-

tional species of Stenaridia in the Carnegie

Museum collection and advised me (in litt.)

that all conformed to the generalized num-
ber of four except for S. (S.) loedingi Val-

entine which agrees with ridingsi in the re-

duction to three. In this case, however, the

relationship between andrewsii and loedingi

is more remote, as indicated by the notably

flattened elytra of loedingi and differences

in its tarsal and genitalic structure which

induced Valentine to place the two species

in different subgeneric groups. The setal loss

is apparently a case of homoplasy rather

than a synapomorphy insofar as these two

species are concerned.

According to Valentine's classification, it

is the subspecies S. ridingsi intermedia Val-

entine and S. a. germari (Chaudoir) which

are sympatric in the Ridge and Valley Prov-

ince ofwestern Virginia and adjoining West
Virginia. In my experience, ridingsi is by far

the less-encountered of the two, and it is

certainly less arboreal than andrewsii which

can usually be found by peeling bark from

dead trees and scanning tree trunks at night

with a flashlight.

The overall external similarity of the two

strongly suggests a very close, perhaps sis-

ter-group, relationship. S. ridingsi is doubt-

less a derivative form, as suggested by the

apomorphic loss of a palpal seta and re-

duction of the complex aedoeagal transfer

apparatus.

I am pleased to acknowledge the kindness

ofmy colleagues George E. Ball (University

of Alberta) and Robert L. Davidson (Car-

negie Museum), as well as an anonymous
reviewer selected by the journal, in reading

over an early draft of this essay and sug-

gesting some useful improvements.
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Abstract. —The Neotropical coroebine genus Eudiadora is fully revised for the first time.

Four species are recognized with four new synonymies proposed: E. pulchra (Obenberger)

(= vianai Obenb. = cordobensis Obenb. = pulcherrima Cobos); E. kerremansi Obenberger

(= negrei Cobos); E. meliboeoides Obenberger and E. bronzeola Cobos. The genus and

species are redescribed, separated in a key, illustrated and the distribution shown on a

map. The genus is discussed with regard to possible relationships within the tribe. Lec-

totypes are designated for E. cordobensis, E. vianai and E. meliboeoides.

Key Words: Argentina, Coleoptera, Buprestidae, revision

In the short time that I have been asso-

ciated with this department, I have enjoyed

the varied personalities ofthe collective Co-

leoptera contingent and their wealth of

knowledge. No one, however, was more
willing to discuss varied topics, make sug-

gestions or give advice than Don White-

head. Along with many others in the de-

partment, I miss him as a colleague, friend

and a constant source of both interesting

and interested commentary. I wish, there-

fore, to dedicate this paper to Don in mem-
ory of the many things I learned from him
and the many times I enjoyed his company.

Introduction

The Neotropical Coroboeini Bedel have

received little comprehensive attention; the

three works ofCobos ( 1 972a, b, 1 974) being

the only ones that I am aware of. The co-

roebine genera currently defined from this

zoogeographical region are Amorphosoma
Laporte, Amorphosternus DeyroUe, Amor-
phosternoides Cobos, Diadora Kerremans,

Bergidora Kerremans, Diadorina, Helferina

both Cobos, Eudiadora Obenberger, Cy-

phothorax, Trypantius, both Waterhouse,

Dismorpha Gistel (= Stenogaster Solier),

Deyrollius and Sambomorpha, both Oben-

berger. Several of these taxa would benefit

from a thorough revision of reevaluation.

The putative relationships between some of

these taxa and those of both Subsaharan

Africa and Australia will be better under-

stood once these genera, and indeed uni-

form limits to just what constitutes a co-

roebine genus, are defined.

Eudiadora was described by Obenberger

(1924) for his Diadora pulchra (1922), then

he (1932) described E. kerremansi. In 1947

he described three more species {E. vianai,

E. cordobensis, E. meliboeoides) and pro-

vided a key to all five. Cobos (1959) de-

scribed E. bronzeola and provided a key to

separate it from the first two species de-

scribed by Obenberger, apparently being

unaware ofthe last three described by Oben-

berger. Cobos (1961) described E. negrei

and E. pulcherrima, mentioned the key of

Obenberger ( 1 947) and provided a checklist

of all eight species. Cobos (1974), in a re-

view of Diadora, suggested in a footnote
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that Amorphosoma gibbicolle Kerremans
should be removed from the then current

combination in Diadora to Eudiadora. Hes-

penheide (1979) transferred this species to

Cyphothorax.

The last three Obenberger species were

described from material sent by M. J. Viana,

and a statement in the introduction of that

paper (Obenberger 1947) infers that the

"types" (syntypes) would be deposited in

the Prague Museum (NMPC) and the Viana

collection. Under each description size,

ranges are given but there is no mention of

the exact number of specimens. Senor Viana

is currently associated with the Instituto In-

vestigaciones Entomologicas Salta, Rosario

de Lerma, Salta, Argentina, with his private

collection being housed at that address. The
director, Sr. Manfredo Fritz, has indicated

(in litt.) that there is no determined material

of these taxa present in the collection.

Therefore I was surprised to receive a parcel

from Museo de La Plata containing one syn-

type of each of these species. While I gen-

erally agree with the philosophy of conserv-

ing the greatest number of types under the

same roof (in this case, NMPC), I also be-

lieve that, where and when possible, it is

important to preserve natural history within

the country or region of origin. Therefore,

I will designate lectotypes herein for these

three species and have chosen the speci-

mens belonging to Museo de La Plata.

The following abbreviations are used for

the collections which loaned material for

this study and are from, or in the style of,

Amett and Samuelson (1986). ACAS— A.

Cobos collection, Almeria, Spain; BMNH—
The Natural History Museum, London, En-

gland; MACN— Museo Argentina de Cien-

cias Naturales "Bernardino Rivadavia,"

Buenos Aires, Argentina; CHAH— H. A.

Hespenheide collection, Los Angeles, Cal-

ifornia; CLBC— my research collection;

ILMA— Fundacion e Instituto Miguel Lillo,

Universidad Nacional de Tucuman, Argen-

tina; MCZC—Museum ofComparative Zo-

ology, Harvard University, Cambridge,

Massachusetts; MLPA— Museo de Ciencias

Naturales, La Plata, Argentina; NMNH—
National Museum of Natural History,

Washington, D.C.; NMPC-National Mu-
seum, Prague, Czechoslovakia; RLWE— R.

L. Westcott collection, Salem, Oregon.

The genus and species are redescribed

herein due to the diverse languages and

journals of the original descriptions.

Genus Eudiadora Obenberger

Eudiadora Obenberger 1924: 26; 1935: 789,

1947: 15 (key to spp.); Cobos 1959: 18

(partial key to spp.); 1961: 13 (checklist

of spp.); Bellamy 1985: 423.

Type-species.—Z)/Wcra pulchra Oben-
berger (by original designation).

Subcylindrical, elongate ovoid; rugose

dorsally; setose.

Head (e.g. Figs. 2, 3): With narrow, elon-

gate, longitudinal groove on frontovertex,

feebly bifurcate at ventral apex. Eyes widely

separated on frontovertex, inner margins

diverging dorsally. Antennal insertions

moderate, separated by distance nearly twice

their own width. Frontoclypeus flattened,

distal margin emarginate, with ventrally

produced roundly acute lateral lobe on ei-

ther side. Gena concave beneath eye be-

tween frontoclypeal lobe and basal attenu-

ate genal lobe. Labrum bilobed, setose.

Mandibles robust. Antenna short, serrate

from antennomere 5.

Pronotum: Wider than long, widest at or

near midpoint; anterior margin slightly con-

vex; posterior margin bisinuate with me-

dian portion truncate; lateral margins car-

inate, arcuate beyond acute basolateral

angles; one prelateral carina on either side

from base to near midpoint; disk convex.

Scutellum more or less triangular.

Elytra: Slightly wider near base than pro-

notum; lateral margins subparallel and nar-

rowing to middle, then broadly arcuate in

apical Vi before attenuately converging to

separately rounded apices. Epipleura sepa-

rated from disk by carina past midpoint.
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Figs. 1-7. Eudiadora pulchra. 1, Lateral aspect (A = basolateral projection of 1st abdominal stemite; E =

epipleuron; m = metepimeron). 2, Head (frontal aspect). 3, Head (lateral aspect). 4, Thoracic stemites, (ventral

aspect: Mc = mesocoxa; Ms = mesostemum; Mt = metastemum; Mtc = metacoxal plate; Pc = procoxa; Ps =

prostemum). 5, Hind leg (ventral aspect). 6, Antenna (dorsal aspect). 7, Hind wing (ventral aspect: M = median

vein; r = radial cell; r-m = radiomedial crossvein; rs = radial sector vein; lA, = first branch of 1st anal vein;

1 A, = second branch of 1st anal vein; 2A, = first branch of 2nd anal vein; 2A, = second branch of 2nd anal

vein; 2A, = third branch of 2nd anal vein; 3A, = first branch of 3rd anal vein; 4A, = 4th anal vein). Scale lines

= 1 mm; equal for 2 and 3, 5 and 6.

Wing (Fig. 7): Radial cell (r) elongate, with

radiomedial crossvein (r-m) connecting from

r to median vein (M). Radial sector (rs) ex-

tending further basally than M. lA, free at

base. IA2 with slight branch past midpoint

near base of lA,. 2A, free at base. 2A. at-

tached basally to 2A3. 2A3 with small con-

necting crossvein to 3Ai. 4A, free basally.

Legs: Femora subfusiform. Tibiae slight-

ly longer than femora, arcuate, armed with

two spines distally; hind tibia with setal comb
on outer margin (e.g. Fig. 5). Tarsi with tar-

somere 1 elongate, subequal to 2 + 3 + 4; 2-

4 with ventral pulvilli, pulvilli very small

in 2 and 3, projecting beyond distal margin

of 4; 5 elongate, narrow, subequal to

1+2 + 3+4, claws bifid, inner teeth con-

verging.

Ventrites (e.g. Figs 1, 4): Prostemum

without mentonniere, anterior margin con-

cave; process with sides subparallel between

procoxae, apex roundly attenuate. Sternal

cavity mostly formed by metastemum, me-

sostemum reduced to two small lateral lobes.
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Metacoxal plate with both anterior and pos-

terior margins strongly bisinuate. Basolat-

eral projection of 1st abdominal stemite

partially covering metepimeron. Suture be-

tween stemites 1 and 2 arcuate anteriorly,

very feebly impressed medially; remaining

sutures evenly transverse, completely sep-

arated.

Male genitalia (Figs. 14-17): Elongate,

subparallel; parameres with apicolateral

membranous lobe with sensory setae, sim-

ilar to Meliboeus Deyrolle and Meliboeithon

Obenberger.

Female genitalia: Ofthe 'coroebine' type,

with pair of ventral setose brushes.

Remarks.— £'w<i/Wora shares the impor-

tant character state of the longitudinally

grooved frontovertex with four other New
World genera of Coroebini, Cyphothorax,

Trypantius, Dismorpha, and Lepismadora

Velten. These genera apparently are more

similar in other respects than are the three

Australian genera {Synechocera Deyrolle,

Ethon Gory and Laporte, and Meliboei-

thon) which share the same character state,

but are not otherwise closely related (Bel-

lamy 1988).

As several of the Neotropical coroebine

genera need revision and some species'

placements within certain genera are spe-

cious, no well-based phylogenetic commen-
tary is appropriate now. Eudiadora seems

to be the sister taxon to Cyphothorax, a re-

vision of which is underway (Bellamy, in

prep.). My initial impression is that Eudia-

dora is composed of two species groups

based on the presence or absence of the hy-

pomeral carina and the structure ofthe male

genitalia. One group is defined solely for the

type-species E. pulchra which has similar-

ities to both Cyphothorax and Meliboei-

thon, mainly in wing venation and structure

ofthe male genitalia. The other species group

includes the remaining species which are

more similar to Lepismadora as was dis-

cussed earlier by Velten and Bellamy (1987);

however, the male genitalia of these two

taxa are widely divergent. With Eudiadora

and Lepismadora existing in an apparently

amphitropical distribution, and perhaps

converging due to arid environmental re-

quirements, it may be that Cyphothorax,

with species known from Argentina to Mex-

ico, is the link between them.

Any relationship between Eudidadora and

Meliboeithon is obviously much older un-

less the similarities are completely conver-

gent. However, the similarities between E.

pulchra and M. intermedium (Kerremans)

are striking enough to suggest otherwise.

Key to the Species of Eudiadora

1. Hypomeron with disk entire, no longitudinal

carina; integument color cupreous to dark red

cupreous; pronotum and elytra often with

patches and fasciae of setae (Figs. 8-10); male

genitalia more cylindrical and with sides sub-

parallel (Fig. 14)

(Chaco, Cordoba, Santa Fe, Santiago del

Estero E. pulchra (Obenberger)

- Hypomeron with short longitudinal carina

which extends subparallel to lateral margin; in-

tegument color black or aeneous; pronotum

and elytra with setose vittae or evenly setose;

male genitalia laterally compressed on either

side of median keel and with sides sinuate (e.g.

Fig. 15) 2

2. Integument color black; setae ofpronotum and

elytra feebly concentrated into vague longitu-

dinal vittae (Fig. 11)

(Catamarca, Jujuy, Salta, Tucuman)
E. kerremansi Obenberger

- Integument color generally aeneous; setae ei-

ther vittate or generally distributed 3

3. Aeneous with greenish reflection; setae regu-

larly distributed on entire dorsal surface ....

.... (Missiones) . . . E. meliboeoides Obenberger

- Dark aeneous, sometimes with cupreous re-

flection; setae concentrated into longitudinal

vittae on pronotum and elytra (Fig. 13)

(Catamarca) E. bronzeola Cobos

Figs. 8-1 3. 8-10, Eudiadora pulchra. Elytral setal patterns for pulchra (8), cordobensis (9, habitus) and vianai

(10). 1 1, £. kerremansi (habitus). 12, E. meliboeoides (habitus). 13, E. bronzeola (habitus). Scale lines = 1 mm.
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'
16

'
17

Figs. 14-17. Male genitalia. 14a, 15, 16a, 17, Dorsal aspect; 14b, 16b, lateral aspect. 14a, b, Eudiadora

pulchra. 15, E. kerremansi. 16a, b, E. meliboeoides. 17, E. bronzeola. Scale lines =1.5 mm.

Eudiadora pulchra (Obenberger)

Figs. 1-10, 14a, b

Diadora pulchra Obenberger, 1922: 130.

Eudiadora pulchra, Obenberger 1924: 26;

1935: 789; 1947: 16; Cobos 1959: 19;

1961: 11.

Eudiadora vianai Obenberger, 1947: 13;

Cobos 1961: 13. New synonymy
Eudiadora cordobensis Obenberger, 1947:

14; Cobos 1961: 13. New synonymy
Eudiadora pulcherrima Cobos, 1961: 11.

New synonymy

Length 6.2-8.7, width 1.8-2.4 mm. Dark
to reddish cupreous above and below. Dor-

sal surface generally transversely rugose.

Ventral surface sparsely to moderately
punctate and otherwise finely shagreened.

Some areas of both dorsal and ventral sur-

faces with concentrations of short, re-

curved, white setae forming fasciate or tes-

sellate patterns, especially on elytra (Figs.

8-10); in fresh specimens pulverulence con-

centrates in the various setal patches.

Head with longitudinal groove beginning

opposite dorsal apex of eye; ventral bifur-

cation just ventral to midpoint of eye and
dorsal to frontoclypeal plate. Frontovertex

feebly depressed between eyes, slightly pro-

jecting laterally on either side along ocular

inner margin. Eye with slight groove be-

tween frontovertex and inner margin ex-

tending from slightly posterior to dorsal apex

to just anterior to ventral apex. One vague

arcuate carina dorsal to each antennal cav-

ity. Frontoclypeal plate carinate laterally,

margins feebly diverging ventrally; distal

margin broadly arcuate. Antenna with an-

tennomere 1 elongate, angled basally; 2

shorter, broader than 1; 3, 4 each subequal

in length and width to 2; 5-10 roundly ser-

rate, length subequal to width; 1 1 subrect-

angular.

Pronotum slightly more than 1 .3 x as wide

as long, widest slightly posterior to mid-

point. Anterior margin transverse laterally

with slight convex median lobe. Posterior

margin angularly bisinuate on either side of

truncate median lobe. Posterolateral angles

subacute. Lateral margins serrulate-crenu-

late, converging beyond angles then broadly

arcuate to anterior margin. One feebly ele-

vated bisinuate prelateral carina on either

side from angle to beyond middle. Disk con-

vex medially, slightly depressed laterally.
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Scutellum triangular, longer than wide; lat-

eral margins concave; disk depressed; sur-

face strigose.

Elytra wider than pronotum, widest op-

posite humeri. Humeri moderately elevat-

ed, oblique. A slight depression between hu-

meri and scutellum on either side. Lateral

margins carinate, subparallel to beyond hu-

meri before narrowing slightly to midpoint,

then widening slightly before narrowing to

separately rounded apices. Pygidium not

visible from above.

Underside: Basolateral portions of ster-

nites 1-5 with small glabrate areas (Fig. 1).

Male genitalia as in Figs. 14a, b.

Material examined.— Holotype of pul-

chra, male (NMPC 23579): ARGENTINA,
Santiago del Estero, La Banda, Argent

Weiser; lectotype (here designated) of vz-

anai, female (MLPA), 1 female paralecto-

type (NMPC 65 19 1) and 1 female (MLPA):

ARGENTINA, Cordoba, Dep. de Cala-

muchita, "El Sauce," XII. 1938, Manuel J.

Viana; lectotype (here designated) of cor-

dobensis, female (MLPA), 1 male paralec-

totype (NMPC 65192) and 1 female

(MLPA): same data as lectotype of vianai;

1 female (NMPC), Chaco de Santiago; 2 fe-

males (MCZC, CLBC), Pr. Stgo. del Est.,

Las Termas, 28S 65W, 30.1.63, F. G. Wer-

ner; 1 male (MLPA), (Chaco) Resistencia,

XII.37; 1 male (MACN), Sgo. del Estero,

Rio Salado, Wagner col.

Remarks.—Eudiadora pulchra is the larg-

est and most variable species in the genus.

It differs from its congeners in size, color-

ation, punctation, vestiture and male geni-

talia as illustrated, and lacks the hypomeral

carina as indicated in the key. The type of

pulcherrima was not made available for

study; however, from the description and

accompanying illustrations, the conspecific-

ity is clear and supports the new synonymy
proposed herein. The published type-local-

ity is "Prov. Santa Fe, Villa Ana, 1 8. II. 1 946,

Hayward coll." This locality has been plot-

ted on the distribution map (Fig. 18) and

shows that all ofthe material known at pres-

ent is from the floral province known as

"Chaco."

Eudiadora kerremansi Obenberger

Figs. 11, 15

Eudiadora kerremansi Obenberger, 1932:

151; 1935: 789; 1947: 16; Cobos 1959:

19; 1961: 10.

Eudiadora negrei Cobos, 1961: 9. New
Synonymy

Length 4.7-5.7, width 1.3-1.7 mm. Nitid

black above and below. Dorsal surface ru-

gose; ventral surface sparsely punctate and

otherwise finely shagreened. Dorsal and

ventral surfaces sparsely setose with con-

centrations of short, recurved, white setae

forming vitae on pronotum and elytra (Fig.

11).

Head with longitudinal groove beginning

on vertex and hidden under anterior margin

of pronotum; ventral bifurcation just ven-

tral to midpoint of eye and dorsal to fron-

toclypeal plate. Frontovertex feebly de-

pressed between eyes, slightly projecting

laterally on either side along ocular inner

margin. Eye with slight groove between

frontovertex and inner margin extending

from slightly posterior to dorsal apex to just

anterior to ventral apex. One vague arcuate

carina dorsal to each antennal cavity. Fron-

toclypeal plate carinate laterally, margins

feebly diverging ventrally; distal margin

narrowly arcuate. Antenna with antenno-

mere 1 elongate, angled basally; 2 shorter,

broader than 1; 3, 4 each subequal in length

and width to 2; 5-10 roundly serrate, length

subequal to width; 1 1 subrectangular.

Pronotum slightly more than 1 .4 x as wide

as long, widest slightly posterior of mid-

point. Anterior margin transverse laterally

with slight convex median lobe. Posterior

margin angularly bisinuate on either side of

truncate median lobe. Posterolateral angles

acute. Lateral margins serrulate-crenulate,

converging beyond angles then broadly ar-

cuate to anterior margin. One feebly ele-

vated bisinuate prelateral carina on either
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Fig. 18. Known distribution of Eudiadora spp. in Argentina.

side from angle to beyond middle. Disk

strongly convex medially, slightly depressed

on either side. Scutellum triangular, sides

subequal, margins arcuate; disk depressed;

surface strigose.

Elytra wider than pronotum, widest op-

posite humeri. Humeri moderately elevat-

ed, oblique. One slight depression between

humeri and scutellum on either side. Lateral

margins carinate, subparallel to beyond hu-

meri before narrowing slightly to midpoint,

then widening slightly before narrowing to

separately rounded apices. Pygidium not

visible from above.

Underside: Lateral abdominal ventrites

partially visible past lateral elytral margins.

Male genitalia as in Fig. 15.

Material examined.— Holotype of kerre-

mansi, female (NMPC 23548): R^^ ARGEN-
TINA, Prov. Tucuman, V.1921, C. Bruch;

holotype of negrei, female (ACAS): (Salta)

(Doctor Facundo) Zuviria (S25.05 W65.29),

Reimoser coll.; 1 male (NMPC), Salta; 1

female (USNM), Catamarca Province; An-
dalgala, 4-6 February 1972, W. D. Duck-

worth; 1 female (RLWE), Salta, Rosario de

Lerma, XII-26/27-1983, M. Wasbauer coll./

malaise trap; 1 female (CLBC), same data

except XII-2 1/23- 1983; 1 male (CHAH), Pr.

Tucuman, San Pedro de Colaloa,

2-n.( 19)74, coll. J. L. Neff; 3 ex., Tucuman,
La Soledad, 8-30.Xn. 1 967, L. Stange; 1 ex.,
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Tucuman, Queb. La Toma, 2 1 .XII. 1956, R.

Golbach; 1 ex., Tucuman, Tacanas,

XI. 1947, R. Golbach; 3 ex., Jujuy, Abra

Pampa, 3400 m, 11.1960, R. Golbach; 1

male, Jujuy, Palpal, 29.1.1949, R. Golbach

(all ILMA).
Remarks. — As mentioned above, this

species is grouped with E. bronzeola and E.

meliboeoides due to the similarity ofgeneral

facies, vestiture and male genitalia. Eudia-

dora kerremansi is immediately separable

from these other two species with its dis-

tinctive black color and reduced setal cov-

ering. The distribution of this species in the

provinces ofJujuy, Salta and Tucuman cor-

responds with the floral biome known as

"Yungas."

Eudiadora meliboeoides Obenberger

Figs. 12, 16a, b

Eudiadora meliboeoides Obenberger, 1947:

15;Cobos 1961: 11.

Length 4.5-5.5, width 1.2-1.4 mm. Ae-

neous with slight greenish reflection above

and below. Dorsal surface generally trans-

versely rugose. Ventral surface sparsely to

moderately punctate and otherwise finely

shagreened. Dorsal surface moderately

densely setose with vague vitae apparent on

pronotum and elytra; ventral surface dense-

ly covered with short, adpressed, white se-

tae; in fresh specimens pulverulence con-

centrates in the various setal patches.

Head with longitudinal groove beginning

opposite dorsal apex of eye; ventral bifur-

cation just ventral to midpoint of eye and

dorsal to frontoclypeal plate. Frontovertex

feebly depressed between eyes, slightly pro-

jecting laterally on either side along ocular

inner margin. Eye with slight groove be-

tween frontovertex and inner margin ex-

tending from slightly posterior to dorsal apex

to just anterior to ventral apex. One vague

arcuate carina dorsal to each antennal cav-

ity. Frontoclypeal plate carinate laterally,

margins feebly diverging ventrally; distal

margin broadly arcuate. Antenna with an-

tennomere 1 elongate, angled basally; 2

shorter, broader than 1; 3, 4 each subequal

in length and width to 2; 5-10 roundly ser-

rate, length subequal to width; 1 1 subrect-

angular.

Pronotum slightly more than 1 .3 x as wide

as long, widest slightly posterior of mid-

point. Anterior margin transverse laterally

with slight convex median lobe. Posterior

margin angularly bisinuate on either side of

truncate median lobe. Posterolateral angles

subacute. Lateral margins serrulate-crenu-

late, converging beyond angles then broadly

arcuate to anterior margin. One feebly ele-

vated bisinuate prelateral carina on either

side from angle to beyond middle. Disk con-

vex medially, slightly depressed laterally.

Scutellum triangular, longer than wide; lat-

eral margins concave; disk depressed; sur-

face strigose.

Elytra wider than pronotum; widest op-

posite humeri. Humeri moderately elevat-

ed, oblique. A slight basal depression be-

tween humeri and scutellum on either side.

Lateral margins carinate, subparallel to be-

yond humeri before narrowing slightly to

midpoint, then widening slightly before nar-

rowing to separately rounded apices. Pygid-

ium not visible from above.

Underside: Lateral abdominal ventrites

partially visible past lateral elytral margins.

Male genitalia as in Figs. 1 6a, b.

Material examined. — Lectotype (here

designated), female (MLPA), 1 male para-

lectotype (NMPC 65190) and 1 female

(MPLA): ARGENTINA, Misiones, Dept.

Concepcion, Sta Maria, M. J. Viana; 1 male

(MACN), same data except XI. 1956; 1 male,

1 female (MACN, CLBC), Misiones, Puerto

Aguirre, Hayward, 1984; 2 females

(MACN), P. Aguirre.

KQvmxks.—Eudiadora meliboeoides comes

nearest to E. bronzeola but differs in col-

oration, vestiture, shape of male genitalia

and distribution and may be separated as

indicated in the key.
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Eudiadom bronzeola Cobos

Figs. 13, 17

Eudiadora bronzeola Cobos, 1959: 17; 1961:

13.

Length 5.0-5.9, width 1.5-2.0 mm. Cu-
preous to aeneous above and black with ae-

neous to bluish reflections below. Dorsal

surface generally transversely rugose. Ven-

tral surface sparsely to moderately punctate

and otherwise finely shagreened. Dorsal sur-

face moderately setose with concentrations

of short, adpressed, white setae forming vi-

tae on pronotum and elytra (Fig. 1 3); ven-

tral surface densely covered with short, ad-

pressed, white setae; in fresh specimens

pulverulence concentrates in the various se-

tal patches.

Head with longitudinal groove beginning

opposite dorsal apex of eye; ventral bifur-

cation just ventral to midpoint of eye and
dorsal to frontoclypeal plate. Frontovertex

feebly depressed between eyes, slightly pro-

jecting laterally on either side along ocular

inner margin. Eye with slight groove be-

tween frontovertex and inner margin ex-

tending from slightly posterior to dorsal apex

to just anterior to ventral apex. One vague

arcuate carina dorsal to each antennal cav-

ity. Frontoclypeal plate carinate laterally,

margins feebly diverging ventrally; distal

margin broadly arcuate. Antenna with an-

tennomere 1 elongate, angled basally; 2

shorter, broader than 1; 3, 4 each subequal

in length and width to 2; 5-10 roundly ser-

rate, length subequal to width; 1 1 subrect-

angular.

Pronotum 1.3 x as wide as long, widest

slightly posterior of midpoint. Anterior

margin transverse laterally with slight con-

vex median lobe. Posterior margin angu-

larly bisinuate on either side oftruncate me-
dian lobe. Posterolateral angles acute.

Lateral margins serrulate-crenulate, con-

verging beyond angles then broadly arcuate

to anterior margin. One feebly elevated bi-

sinuate prelateral carina on either side from
angle to beyond middle. Disk convex me-

dially, slightly depressed laterally. Scutel-

lum triangular, longer than wide; lateral

margins concave; disk depressed; surface

strigose.

Elytra wider than pronotum, widest op-

posite humeri. Humeri moderately elevat-

ed, oblique. One slight basal depression be-

tween humeri and scutellum on either side.

Lateral margins carinate, subparallel to be-

yond humeri before narrowing slightly to

midpoint, then widening slightly before nar-

rowing to separately rounded apices. Pygid-

ium not visible from above.

Underside: Lateral abdominal ventrites

partially visible past lateral elytral margins.

Male genitalia as in Fig. 17.

Material examined.— Holotype, female

(ACAS): ARGENTINA, Catamarca, Belen,

Bosq leg.; 1 male (NMNH), Catamarca, Vi-

llavil, 8 km E of Andalgala, 30 December
1974, Frank A. Enders; 2 females (CLBC),

Catamarca, Febr. 1983, Luis Pena; 3 males,

5 females (CHAH, CLBC), Catamarca, An-
dalgala IBP Program, Desert Scrub Site, col-

lector J. L. Neff; 5 specimens (ILMA), Ca-

tamarca, El Rodeo, 1.1959, R. Golbach.

Remarks.— £'w<^/a<^ora bronzeola is near-

est to E. meliboeoides and differs as dis-

cussed under that species previously. It was
this species that was figured by Velten and

Bellamy (1987), but erroneously listed as E.

pulchra.
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AN ASIAN AMBROSIA BEETLE, AMBROSIODMUS LEWISI,
NEW TO NORTH AMERICA (COLEOPTERA: SCOLYTIDAE)

E. Richard Hoebeke

Department of Entomology, Cornell University, Ithaca, New York 14853-0999.

Abstract.—Ambrosiodmus lewisi (Blandford), an ambrosia beetle described from Japan

and occurring in southeast Asia, is reported for the first time from North America, based

on specimens from Pennsylvania. A redescription and diagnosis of the male and female,

a revision to an existing key to North American xyleborine species to include this newly

detected species, scanning electron micrographs and black and white photographs of the

adult habitus (male and female), and other morphological features are presented.

Key Words: Asian immigrant, xyleborine ambrosia beetle, Scolytidae

Preface.—To the memory of Dr. Donald R. Whitehead (1938-1990)— fellow coleop-

terist and systematist, scholar, colleague, and friend— this small work is humbly dedicated.

As a research entomologist in the Agriculture Research Service (ARS) of the U.S. De-

partment of Agriculture (from 1976 until the time of his death), Don occasionally worked
and published in the general area of arthropod introductions. It was in this capacity that

I first met Don. Eventually I had the opportunity to co-author a paper with him on an

immigrant weevil in North America (Hoebeke and Whitehead 1980), and later we con-

templated other publishable pursuits involving immigrant weevils. Unfortunately, these

latter projects were never completed. It seems only fitting that the recent discovery of an

Asian curculionoid in North America, a species of ambrosia beetle (Scolytidae), be the

subject matter of this posthumous tribute to my friend Don Whitehead.

In this century, seven species of exotic establish new populations from a single in-

xyleborine ambrosia beetles have been in- dividual (Wood 1977, Atkinson etal. 1990).

troduced into eastern North America from Atkinson et al. have suggested that this type

temperate eastern Asia: Ambrosiodmus ru- of mating system, together with the similar

bricollis (Eichhoff), Xylosandrus germanus moist, temperate environments shared by

Blandford, X. crassiusculus (Motschulsky), eastern Asia and eastern North America,

X. compactus (Eichhoff), Xyleborus validus and the increased trade between the United

Eichhoff (Wood 1977), and Xyleborus pel- States, Canada, and the Far East facilitate

liculosus Eichhoff and X. atratus Eichhoff the introduction and establishment of these

(Atkinson et al. 1990). These scolytids all ambrosia beetles.

reproduce by arrhenotoky and are highly The purpose of this paper is to report the

inbred (inbred polygyny); newly matured fe- discovery ofan eighth species of exotic am-
males mate with siblings before emerging brosia beetle ofAsian origin in eastern North

from the brood host and are thus able to America. In early August 1990 during rou-
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tine pruning ofdead and dying tree branches

on the grounds of a private residence in the

Philadelphia suburb of Oreland (Pennsyl-

vania, Montgomery Co.), a local landscape

contractor noted some insect damage and

exit holes in the bark ofsome pruned, dead,

upper lateral branches of an old (80-100

yrs.) black oak {Quercus velutina group) (T.

McClelland, Jr., Oreland, PA, pers. comm.).

He sent cut pieces of these pruned branches

(approx. 3 in. diam.) to Dr. Warren T. John-

son (Cornell University) for pest diagnosis.

Some time after receiving these samples

(stored in sealed plastic bags), several bee-

tles ofthe family Scolytidae emerged. These

specimens were identified by the author as

Ambwsiodmus lewisi (Blandford), an am-
brosia beetle native to southeast Asia and

previously not known from North America.

A redescription, diagnosis, revised species

key, and scanning electron micrographs of

the adult habitus and other distinguishing

features of this newly detected species are

provided to facilitate recognition.

Ambrosiodmus lewisi (Blandford)

Xyleborus lewisi ^Xdindiovd, 1894: 104.

Ambrosiodmus lewisi; Wood, 1986: 81, 83.

Female.— Body (Figs. 1, 5, 6) oblong, cy-

lindrical, moderately pilose posteriorly with

long setae. Mature color ranging from red-

dish to black individuals. Length 3.6-4.3

mm (ex literature); 3.6^.0 mm (ex speci-

mens examined, n = 14). Width 1.8 mm
(ex literature); 1.5-1.7 mm (ex specimens

examined, n = 14).

Frons broadly, irregularly convex; surface

densely reticulate, glossy, with large, coarse,

rugose punctures; epistoma with dense fringe

of long setae over base of mandibles.

Pronotum (Figs. 2, 5, 6) transverse, nearly

globose, with anterior and lateral margins

equally arcuate, widest slightly beyond mid-

dle, posterior margin subsinuate with ob-

tusely rounded angles; entire surface of disc

closely, rather coarsely asperate to base, an-

terior asperities distinctly larger, asperities

in posterior halforiented to form low, trans-

verse ridges (Fig. 2), surface dull, faintly sca-

brous or reticulate between asperities.

Elytra as wide as base of pronotum, ap-

proximately 1.9 X longer than pronotum,

truncate at base, sides straight; strial punc-

tures on disc moderately large, shallow, rel-

atively close, spaced within row by slightly

more than diameter of puncture, scarcely

impressed, without setae; interstriae very

broad, smooth to very weakly granulate,

glossy, at least 4-5 times wider than striae,

biseriately punctate-setose (Fig. 3), length

of setae equal to width of interstriae, setae

much longer posteriorly.

Declivity (Figs. 4, 6) broadly, evenly con-

vex, with first interstriae widened, im-

pressed and finely tuberculate, second in-

terstriae very strongly tuberculate, remaining

interstriae less strongly tuberculate.

Male.— Body (Fig. 7) rather robust and

globose; body surface strongly pilose with

moderately long setae. Color reddish brown.

Head strongly retracted into prothorax,

barely visible dorsally. Length 1.8 mm (ex

literature); 1.9 mm (ex specimen examined,

n = 1). Width 1.5 mm (ex specimen ex-

amined, n = 1).

Frons irregularly convex to flattened; sur-

face finely reticulate, glossy, moderately

coarsely punctured, strongly pilose with long

setae; epistoma with dense fringe of long

setae over base of mandibles.

Pronotum broadly transverse, flattened,

1 .6 X wider than long, anterior margin trun-

cate with slight emargination at middle, lat-

eral and posterior margins broadly arcuate;

surface of disc with evenly, but sparsely,

spaced asperate punctures; surface between

punctures faintly reticulate, but glossy.

Elytra slightly broader than base of pro-

notum, very strongly rounded in profile,

broadest beyond middle, sides broadly ar-

cuate; strial punctures on disc coarse, close-

ly spaced, faintly impressed; interstriae rel-

atively broad, at least 4-5 times wider than

striae, smooth to weakly granulate, glossy,

biseriately punctate-setose.
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Figs. 5-7. Ambrosiodmus lewisi. 5, female, dorsal aspect. 6, female, lateral aspect. 7, male, dorsal aspect.

(Figs. 5-7 photographed at same scale, scale line = 1 .0 mm).

Declivity broadly, evenly rounded with

apical interstriae very faintly tuberculate.

Specimens examined.— WV/r£'Z) STATES.-

Pennsylvania: Montgomery Co., Oreland,

7-VIII-90, ex dead branches, Quercus ve-

lutina group, T. McClelland (15 9$, 1 <5).

Specimens ofthe series were compared with

identified Japanese specimens in the Ca-

nadian National Collection of Insects

(CNCI, Ottawa) by D. E. Bright. Specimens

are deposited in the Cornell University In-

sect Collection and the CNCI.
Diagnosis. —Among North American xy-

leborine ambrosia beetles, this species is

most similar to the Asian immigrant Am-
brosiodmus rubricollis (Eichhoff) in color and

in the completely asperate pronotum, but

can be readily distinguished by its much
larger size (3.6^.3 mm), and by the elytral

interstriae with irregular double rows of fine

punctures (Fig. 3).

The genus Ambrosiodmus Hopkins is

composed of at least "
1 1 species in North

and Central America, about a dozen in South

America, [and] numerous species (40 or

more) in Asia and Africa" (Wood 1986).

Several species previously included by

Bright (1968) and Wood (1982) in the large

and complex genus Xyleborus are now as-

signed to Ambrosiodmus (= ''Xyleborus" of

authors, having posterior portion of pro-

notum rugose).

In his key to species ofNorth and Central

American bark and ambrosia beetles, Wood
(1982) treats Ambrosiodmus as a subgenus

of Xyleborus. It is now considered a valid

genus (Wood 1986). Wood's 1982 key is

modified below to include A. lewisi, with

modifications beginning in couplet #26 (p.

782) (alterations in boldface):

26(25). Posterior areas of pronotum weakly

granulate; pronotum distinctly longer

than wide; interstrial punctures on disc

confused, not at all granulate; Costa Rica;

4.0-4.3 mm 26. scalaris Schedl

Posterior areas of pronotum asperate;

pronotum as wide as or wider than long

26a
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26a(26). Interstriai punctures weakly confused to

uniseriate, finely granulate 27

- Interstriai punctures irregularly bise-

riate (Fig. 3, herein), smooth to weakly

granulate; Pennsylvania; Quercus; 3.6-

4.0 mm lewisi Blandford

27(26). (same)

Distribution.—The native range of this

species includes Japan, Taiwan, Korea, Ma-
laysia (Ezaki 1957,Nakaneetal. 1963), For-

mosa (Murayama 1930, 1933), and India,

Java, and Sumatra (D. E. Bright, pers.

comm.). Although this Asian species is

known only from a single locality in eastern

Pennsylvania, I suspect it is established over

a larger area in the eastern United States

since this series was collected in a natural

situation.

^\o\o^y.—Ambrosiodmus lewisi breeds in

the branches of a wide variety of host trees

and shrubs, and because it generally kills or

weakens its host plant, it is of great eco-

nomic concern in some areas of its native

range. The extensive list of known hosts of

this ambrosia beetle (Murayama 1930, 1933,

Ezaki 1957) includes more than 30 broad-

leaf trees and shrubs, such as oak {Quercus

gilva Blume and other Quercus spp.), cherry

(Prunus), black alder (Alnus glutinosa

Gaertn.), mulberry (Moms), angelica tree

{Aralia), another araliaceous tree {Kalopa-

nax ricinifolius Miq.), hornbeam (Carpinus),

camphor-tree (Cinnamomum camphora
Nees & Eberm.), Japanese maple {Acer pal-

matum Thunb.), and some coniferous hosts,

such as Momi fir {Abies infima Sieb. &
Zucc).
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Abstract.—\ new species, Branchus whiteheadi Steiner (Coleoptera: Tenebrionidae;

Tentyriinae), is described from southern Texas, U.S.A. It is illustrated and compared with

its nearest known congener, the Mexican species with which it has been confused, B.

opatroides Champion. Notes are given on habitats, distributions, characters, and future

studies o{ Branchus species.
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With his subtle sense of humor, Don
Whitehead was always one to add spice to

a field trip. Back in June 1 982, while camped
by the dunes near St. Anthony, Idaho, Don
came to me with a lively handful of teneb-

rionid beetles, Eusattus muricatus LeConte.

We had been finding these in fair abun-

dance, yet in his typically thorough and

helpful manner in collecting for colleagues,

Don made sure I had a sufficient series. As
numerous beetles spilled from among his

fingers and scurried over the sand at our

feet, Don asked, "Are Eusattus-fiedT'

With this and other memories of our

times, it is satisfying and more than fitting

for me to dedicate to Donald R. Whitehead

this paper and the following new species (in

a genus related to Eusattus) which he helped

to collect.

The genus Branchus LeConte (1 862, 1 866)

was erected for the species B. floridanus

LeConte, now known from several localities

in southern Florida (Triplehom and Weems
1964). Several other species, some as yet

undescribed, occur throughout Central

America and on several Caribbean islands

(Blackwelder 1945, Marcuzzi 1984), and one

of these, B. opatroides Champion (1892),

has been listed as occurring in Texas (Leng

1920, Amett 1960, Papp 1961). The genus

is currently placed in the Tribe Coniontini,

Subfamily Tentyriinae (Doyen 1984).

While collecting in southern Texas in De-

cember 1984, series of a small Branchus

species were found at two localities. Having

earlier studied a paratype of B. opatroides

from Veracruz, Mexico, these Texan spec-

imens were immediately recognized as be-

longing to a separate, new species. Among
Tenebrionidae in museum collections, I was

able to find additional specimens ofthis spe-

cies from Texas, including a few with the

identification label ""Branchus opatroides."

None of the examined Branchus specimens

from Texas, however, agree in appearance

with or fit the description of the Mexican

B. opatroides. Evidently, the literature rec-

ords of the occurrence in Texas of B. opa-

troides were based on misidentified speci-

mens of the new species proposed in this

study. Branchus opatroides, then, is known
only from three localities in Veracruz and
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Figs. 1-6. Photographs of Branchus species: 1-3, B. whiteheadi, n. sp., holotype male (San Patricio County,

Texas), dorsal, oblique lateral, and ventral views, respectively; 4-6, B. opatwides Champion, paratype male

(Veracruz, Mexico), same sequence as bove. Scale lines = 1 mm.

Jalisco, Mexico (Champion 1 892). The only

Branchus species presently known from the

United States are B. floridanus and the one

described here.

Branchus whiteheadi Steiner,

New Species

Description.— Convex, oval beetles (Figs.

1-3), 6.0 to 8.3 mm in length, dark brown
to black, dorsum usually encrusted with pale

coating of soil on coarsely punctate and ru-

gulose surface, bearing small, brownish,

erect, subclavate setae.

Holotype male.— Body length 6.2 mm
from anterior angle of pronotum to elytral

apex. Head V2 as wide as pronotum, widest

in front of eyes (at laterally-produced ep-

istomal canthi); frons slightly concave at

middle, with large punctures that obscure

epistomal suture. Antenna with segment 3

equal in length to segments 4 and 5 com-

bined; segments 5-9 globular, bead-like;

segments 10 and 11 wider than long and

broadly connected to form a rounded,

slightly flattened club, with segment 1

1

smaller and more narrow than segment 10.
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Mentum broadly heart-shaped, not sharply

angled, with surface flat, coarsely punctate.

Gena sharply produced anteriorly as far as

anterior margin of mentum.
Prothorax nearly twice as wide as long,

broadest at basal V3, sides evenly arcuate,

base very weakly sinuate, anterior margin

broadly, evenly emarginate; anterior and

posterior angles not produced; lateral mar-

gin not explanate, lacking a raised, polished

bead; pronotum evenly convex except for

slightly raised lateral area near base; surface

completely, roughly pitted with large con-

tiguous punctures, each with a short, stout

seta; ventral surface similar except punc-

tures more distinct, not contiguous.

Elytra widest near middle, roughly two

times longer than wide, as wide at base as

base of pronotum and meeting it to form a

nearly continuous body outline; dorsal sur-

face without defined costae or sulci; all sur-

faces similar to that of pronotum except

more rugose and subcostate laterally, with

setae larger, more clavate and erect, ar-

ranged in longitudinal series; margin of

pseudepipleron rounded, not defined except

near base; epipleuron obscured by punc-

tures and soil coating except in apical Ve,

where it is wider, deeply sulcate. Sterna with

most surfaces punctate, punctures distinct

and bearing small setae; middle of meta-

stemum convex and polished, with only a

few small punctures; abdominal sterna 1-3

becoming impunctate or nearly so medially,

with smooth to minutely rugulose, polished

surfaces. Legs unmodified, relatively short;

protibia well broadened at apex, with a dis-

tinct apical tooth at outer angle.

Tegmen (Figs. 7, 8) with apical piece bifid

at apex, strongly arched dorsally, subequal

in length to basal piece. Median lobe (Figs.

9, 1 0) long and nearly parallel-sided, slightly

thickened toward apex, more so in lateral

view; apex with a small median emargina-

tion. Apex of abdominal sternum 8 with a

deep, evenly rounded emargination (Fig. 1 1).

Allotype.— Similar to male but larger, 7.6

mm long; body slightly more robust and

convex. Impunctate areas of abdominal

sterna shining and smoothly polished, with-

out minutely rugulose sculpturing. Ovipos-

itor with coxites heavily sclerotized, wedge-

shaped, with pointed, slightly upturned

apices.

Variation.—Of the type-series, males (n

= 30) are 6.0 mm-7.8 mm long from an-

terior angles of pronotum to elytral apex;

females (n = 15) are 6.9 mm-8.3 mm long.

Pronota vary from 3.5 mm-4.3 mm wide

in males, 3.8 mm-4.5 mm in females. Body
width across elytra varies from 3.7 mm-4.8
mm in males, 4.3 mm-5.1 mm in females.

In some individuals, the pronotum bears

some vestiges of characters seen in other

Branchus species, i.e. the raised, polished

median line and lateral discal bosses, but

these features are not obvious and are usu-

ally obscured or absent in B. whiteheadi due

to the invasion of the coarse punctures.

Diagnosis and similar species.—The rel-

atively small size, stout, convex body form,

dorsal sculpturing, and extent of the pro-

duced gena relative to the mentum will sep-

arate the new species from other known
Branchus members. Branchus whiteheadi is

most similar to B. opatroides, the species

with which it has been formerly confused.

In the latter species, which occurs in south-

em Mexico, the pronotum is somewhat ex-

planate and more produced at the anterior

angles (Figs. 4-6) and has a raised, polished,

median carina and a raised shining discal

boss on each side; the head has a distinctly

concave frons; the elytra are relatively flat-

tened dorsally, each with 3 broad, shallow

sulci separated by somewhat distinct cari-

nae; legs and antennae are relatively slender,

with middle segments of the flagellum dis-

tinctly longer than wide and widest toward

apex, rather than bead-like; segment 3 is

shorter than segments 4 and 5 combined.

Differences in the male genitalia and ab-

dominal sternum 8 are illustrated (Figs. 1
2-

16).

Specimens examined and known distri-

bution.— Fifty one specimens from 11
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known localities, all in Texas, U.S.A. (Fig.

17). Label data quoted verbatim; additions

are bracketed. Types are deposited in the

U.S. National Museum of Natural History,

Smithsonian Institution, Washington, D.C.

Holotype, allotype, 1 1 paratypes (and 5

corpses in poor condition), "TEXAS: San

Patricio Co., 5 km SW Mathis at Nueces

River, 9 December 1984, W. Steiner, B.

Gill & D. Whitehead, coirs."; 5 paratypes,

"TEXAS: Uvalde County, 1 5 km N Con-

can at Frio River, 12 December 1984, W.
E. Steiner, R. D. Gordon, et al."; 18 para-

types, "Starr Co., Tex., K. [15 km W El

Sauz] 5-VII-47, George B. Vogt; Under
yucca cut 1 7 mos. ago, sandy soil" (one of

these is labeled ""Branchus opatwides Ch.,

det. T. J. Spilman 1967"); 1 paratype, "2

mi. South of Buchanan Dam, Llano Co.,

Tex., Sept. 7, 1973; H. R. Burke, Collec-

tor"; 1 paratype, "Bexar Co., Tex., 4-15-

1956; H. R. Burke, Collector; under cac-

tus"; 1 paratype, "Eagle Pass, Tex. [Mav-

erick County], 11-19-33; S. E. Jones, Col-

lector; 5919"; 2 paratypes,"Tex., Medina
Co., 3 mi. W. D'Hanis, VII-1 1, 1965, L. &
C. W. O'Brien"; 1 paratype, "D'Hanis,

[Medina County], Tx., IV-25-08; On
Opuntia; J. D. Mitchell, Collector"; 1 para-

type, "Dimmit Co., Texas; Coll. Hubbard
& Schwarz; Branchus opatwides Champ.,

Li"; 1 paratype, "Tex. [state label only];

Branchus opatwides Champ., Li"; 1 para-

type, "Enter Identification Card No. 616,

Bufo #, Ft. Clark [Kinney County], Texas;

Branchus opatroides Champ., Det. L. L.

Buchanan"; 1 specimen, head and legs

missing, "Enter Identification Card No.

574, Bufo, Ft. Bliss [El Paso County], Tex-

as."

On the latter two specimens (collector and

date unknown), "Bufo" on the labels prob-

ably refers to toads of the genus Bufo which

may have been eating these beetles. The "Ft.

Bliss" record is far west ofthe range ofother

known specimens, making a search for oth-

ers along the Rio Grande valley desirable.

The known range includes other river sys-

tems of the Texas coastal plain and extends

into the elevated "Hill Country" and south-

eastern Edwards Plateau. Branchus white-

headi will likely be found in northeastern

Mexico as well, but I have seen no records.

Notes on habitat and life history.— Adult

B. whiteheadi occur during all seasons of

the year. Localities are xeric scrub-shrub

habitats. Adults occur in sandy substrates

under plant debris on which they likely feed;

examined gut contents are bits of plant tis-

sue. Nothing is known of the seasonal and

daily activity, nor the larval stages. In the

largest series of specimens (18), taken by

George Vogt in Starr County, 5 July 1947,

all but two lack the soil coating that usually

covers these beetles, and they are various

shades of brown; these had likely recently

emerged when collected, suggesting that lar-

vae and pupae may be found during May
and June.

The type-locality is "on a rocky bluff'with

dense scrub, but open sandy turf area" ac-

cording to my field notes of 9 Dec. 1984;

this is a maintained recreation area with a

mixture of natural scrub, mostly honey

mesquite {Prosopis glandulosa J. Torrey),

and some coarse turf clearings with stone

walkways and buildings. The first specimen

was found "under small piece of wood in

open sandy turf near building," then, in

notes, "Intensified the search for more in

that area but got none; took some time be-

fore locating more, but eventually scratched

up about a dozen specimens—most in a lo-

calized, higher and more sandy, sparse short

Figs. 7-16. Male genitalia oi Branchus species: 7-11,5. whiteheadi, n. sp. (drawn from holotype): 7, legmen,

dorsal view; 8, same, lateral view; 9, median lobe, dorsal view; 10, same, lateral view; 1 1, abdominal sternum

8, ventral view; 12-16, B. opatroides Champion (drawn from paratype): same structures and sequence as above.

Scale line = 0.5 mm.
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Fig. 17. Known distribution o{ Branchus whitehead!, n. sp., on map of southern Texas, U.S.A. Scale line

200 kilometers.

turf area around an isolated mesquite bush.

First found fragments of corpses, then one

by one began uncovering Hve Branchus, each

usually nestled in loose dry sand and organic

debris around crowns of the turf grass, on
sandy clay that was otnerwise rather hard.

Found no beetles under grass tufts that

lacked loose sandy debris— this seems to be

the basic requirement for Branchus— pock-
els of loose sandy soil and a layer of dead
plant debris under some plant cover, in a

scrubby xeric habitat and usually concen-

trated around edges ofopen areas." The lat-

ter statement was based on observations of

Branchus spp. from inland xeric areas in

Central America and B. floridanus in mar-
itime scrub.

Notes taken 12 Dec. 1984 record B.

whiteheadi in a more natural but similar

habitat: "Collected midday at crossing of

Frio River near Gamer State Park, Uvalde

County, north of Concan and west of Uto-

pia. Mesquite scrub at top edge of river ba-

sin was habitat for tenebrionids: several

more of the new Branchus (apparently the

same as those from Mathis site) were found

under patches ofleaf litter where sandy loose

pockets of soil were, beneath the shrubs but

certainly not well-shaded, on open, well-

drained microhabitats. Misc. Blapstinus and

an Opatrinus here also, but under stones or

pieces of wood in partial shade. Branchus

do not cluster under objects but stay scat-

tered under leaf litter in more open spots—



VOLUME 93, NUMBER 2 43]

a less likely habitat in which to find beetles,

and may explain their rarity in collections,

aside from looking like dry turds."

Remarks and Discussion

Based on several apparent synapomor-

phies, B. whiteheadi and B. opatroides be-

long in a species group that includes at least

two others (undescribed) from southern

Mexico. Species of this '^opatroides group"

have a small and relatively stout body, have

the genae strongly produced anteriorly (most

prominent in B. whiteheadi), lack a raised,

polished, lateral bead on the pronotal mar-

gin, and have a poorly defined pseudepi-

pleural margin. Also, the head usually is

widest at the epistoma rather than the eyes,

but the polarity of this state is uncertain at

present. For the most part, all of the above

character states are shared among Branchus

specimens from Jamaica and other islands

in the western Caribbean, but not, in gen-

eral, among members of the genus from the

Bahaman region {""floridanus group") and

Central America {''obscurus group").

Sharply produced genae are also seen in

species of Oxinthas Champion but not in

other Coniontini, In varying degrees this

genal form appears in many Asidini and

other tentyriine tribes. Thus, the homology
and polarity here is open to question.

Central American mainland species in-

clude a diverse assemblage of forms, but

seem to possess the most plesiomorphic

character states. The body forms are more
like those of other surface-dwelling Conion-

tini (and resemble some Asidini) rather than

the more specialized, psammophilous forms;

all have erect, clavate setae on dorsal sur-

faces, and usually a well-defined pseudepi-

pleural carina; the male genitalia are rela-

tively unmodified. In the species of the

western Caribbean area, the body form tends

to be more elongate and flattened, and setae

on the dorsum are very numerous, small

and peg-like. Branchus floridanus and rel-

atives make up the most distinct and de-

rived complex of species. Synapomorphies

include the change from erect clavate setae

to those prostrate and scale-like, the devel-

opment of sexual dimorphism in the legs,

and a set of distinct characters in the male

genitalia not known in any other Tenebri-

onidae.

It is interesting to note the apparent al-

lopatry between members of the Branchi

and other subtribes (Doyen 1984) of the

Coniontini as a whole, with the exception

of 5. whiteheadi and a few Eusattus species

which have some overlap in southern Tex-

as. Likewise, Branchus species groups ap-

pear to be geographically distinct. With the

material presently at hand, observations in-

dicate that Central America holds the more
primitive members, which inhabit dry for-

est areas; other lineages radiated northward

and among the Antilles, and their members
live in various semidesert and coastal dune

scrub habitats. Branchus whiteheadi, with

its most globose form and stout appendages,

is the most distinct and derived member of

the "'opatroides^'' group, and represents the

northern mainland limits of the genus.

Making sense of the sister-group relation-

ships among the Branchi will not be easy.

In collections presently examined, there are

more undescribed Branchus species than

known ones. While a few are represented

by series, many are known from unique

specimens, often from remote islands, in-

dicating that more undiscovered species

likely exist. Series of specimens will be

needed to clearly define species, as within

series examined, there is much variation

among individuals and local populations.

Larvae ofa few species have been associated

in the field, but Branchus immature stages

remain undescribed.

Adding to this challenge is the degrada-

tion of natural habitats by development,

grazing, and the spread on islands by intro-

duced plants, especially Casuarina spp.,

which replace native beach vegetation and
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cover the narrow band of microhabitat that

Branchus beetles require.

Members of Branchus, as a group of

flightless beetles distributed across the West
Indies and Central America, will neverthe-

less offer unusual opportunities for biogeo-

graphic studies.
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Abstract. —Amblycerus whiteheadi is described, and notes on the behavior and ecology

recorded by L. J. Bottimer are included. The host plant, Apeiba membranacea, belongs

to the family Tiliaceae

Key Words: Tiliaceae, life history, monkey comb.

The genus Amblycerus is found only in

the Western Hemisphere except for three

species that have been introduced into Pa-

cific islands. About 100 species have been

described but a final total of 250 species is

projected (Kingsolver 1990). External dis-

tinguishing characters are not plentiful but

the internal sac of the male genitalia is

equipped with intricate hooks, spines, spic-

ules, and serrate sclerites, and their arrange-

ment is generally the basis for species dis-

crimination. Delineation of species groups

has not been made but graduate students

are investigating Mexican and Brazilian

species of this genus.

Amblycerus is noted for host associations

not adhering to the notion that most bru-

chids are affiliated with leguminous plants.

No less than 12 plant families, including

legumes (broad sense), have yielded one or

more species oiAmblycerus. The species de-

scribed herein infests the fleshy fruits of

Apeiba membranacea Spruce ex Benth.

(Tiliaceae). Apeiba aspera Aubl. and Apeiba

tibourbou Aubl. are synonyms.

The only previously recorded species of

Amblycerus associated with Tiliaceae is

Amblycerus simulator (Jacq.-Du Val) known

from the West Indies and Costa Rica in seed

capsules of Luehea speciosa Willd. (King-

solver 1970).

Amblycerus whiteheadi^ New Species

Amblycerus sp. #7: Johnson, 1979: 122.

Integument ofbody and appendages dark

red; antenna and eyes black; scattered black

elytral spots. Dorsal vestiture largely brown
with areas of white as follows: Head white;

pronotum usually with two small, white

spots near anterior angles, a row of four

small, white spots across middle ofdisk, and

scattered patches near basal lobe. Scutellum

white; elytra with irregular, white spots along

basal margin, behind scutellum, along su-

tural and lateral interstices, in strial sulci,

in a row of small spots along lateral margin,

and in scattered spots on elytral disk; py-

gidium with large, ovate, velvety brown spot

bordered with white; venter of body mot-

tled brown and white.

Vertex and frons uniformly micropunc-

tate; frontal carina evanescent, sometimes

absent; mesal margins of eyes with umbil-

icate punctures separated from frons by fine

carina; eyes coarsely faceted; width across

eyes compared to narrowest width of frons
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4.5:1 (ocular index); ocular sinus one-sixth

length of eye; antenna serrate from fourth

segment except terminal segment elliptical,

reaching to middle of metepistemum, not

sexually dimorphic, Pronotum trapezoidal,

lateral margins gently arcuate, apex trun-

cate; disk moderately convex, basal lobe

briefly sulcate; surface densely punctulate,

lateral one-third of disk either side also

coarsely punctate; lateral margin bluntly

ridged, delimited by fine dorsal and ventral

sulci, dorsal sulcus abruptly angulate behind

eye and directed into cervical sulcus; cer-

vical boss usually with three fine setae; basal

margin finely sulcate; prosternum flat, mar-

gins sulcate, apex expanded and fitting into

sulcate mesostemum. Scutellum (Fig. 3)

slightly longer than wide, with trilobed apex.

Elytra 1 .4 x as long as wide, evenly convex

except slightly depressed around scutellum,

sutural interstices sometimes elevated.

Metepistemal sulcus angulate, anterior arm
arcuate; metacoxal face sparsely punctate in

distal two-thirds, glabrous in proximal one-

third, fossula with narrow fringe of setae on

rim of concavity surrounding trochanteral

fossa; metafemur subparallel in basal three-

fourths, sinuate toward apex, ventral mar-

gins carinate, ventral face slightly sulcate;

metatibia lacking carinae; lateral terminal

spur two-thirds as long as basitarsus. Ab-
domen unmodified; male pygidium verti-

cal, female pygidium oblique; male eighth

tergite acute, often protruding between py-

gidium and terminal sternum. Male geni-

talia (Figs. 6, 7 and 8); median lobe with

ventral valve triangular, dorsal valve sub-

ovate; internal sac armature consisting of

two long, slender, rodlike sclerites sharply

angulate at attachment to sac, two sharply

triangular, hollow sclerites with variably

sclerotized bases, and one sinuate, serrate,

rodlike sclerite; apex with U-shaped scler-

ite. Fig. 8 shows lateral aspect of inflated

internal sac and relationships of various

sclerites. Lateral lobes as in Fig. 7.

Body length. -6.9-8.0 mm; width.— 4.0-

4.4 mm.

Holotype male.—PANAMA: Barro Col-

orado Isl., 16-17-V-1964, W.D. and S.S.

Duckworth. Allotype, same data except 1-9-

V- 1 964; four male paratypes, same data ex-

cept dates 1-17-V-1964; additional para-

types.—PANAMA: C.Z., Barro Colorado

Isl., l-VI-1970, 16-VI-1970, 3-V1I-1970;

0.5 mi S Palo Seco, IV- 1970; Balboa, 31-

III- 1970, all coll. by Hespenheide; 13-11-

1980, 16-IV-1980,30-1V-1980, 7-14-IV-

1980, 23-VII-1980, all by Wolda; VI- 1940,

IV- 1941, at light, VII- 1941, all by Zetek;

2-1-1941, 14-1-1941, 15-XII-1941, (no

date), all by K. Cooper; 3-IV- 1 929, ex Apei-

ba aspera (= A. membranacea), S.W. Frost;

1 8-II- 1971, Coco Solo Hosp., 26-XII- 1971,

Stockwell; 2-1-1940, 20-III-1940, Wood;
1-1935, Bates; Barro Colorado Isl., 11/23-

XI- 1 963, Bottimer # 1 1 7H; 1 4/22-III-3-IV-

1964, Bott. #121v; 21 -III- 1967, ex fruits

Apeiba membranacea. NICARAGUA:
Granada, Divia, 19/29-VI-1963, Bott.

#114p. COSTA RICA: Surubres; Santa

Rosa, Nat. Pk., Gste. Prov., 25-V-1978,

Janzen. COLOMBIA: Valle, below Call,

V-86, C. Varela, ex Apeiba aspera. EC-
UADOR: Santo Domingo de los Colorados,

lO-X-1980, Manley.

Holotype, allotype, and paratypes depos-

ited in the National Museum of Natural

History, Washington, DC. Paratypes de-

posited in The Canadian National Museum,
Ottawa; the C. D. Johnson Collection, Flag-

staff', Arizona; the Museum ofComparative

Zoology, Cambridge, Massachusetts; the

American Museum of Natural History, New
York; the Museum National d'Histoire Na-

turelle, Paris, H. A. Hespenheide, Univer-

sity of California, Los Angeles; H. F. How-
den, Carleton University, Ottawa, ON; and

G. V. Manley, Three Rivers, MI.

Discussion.— This species closely resem-

bles Amblycerus cistelinus (Gyllenhal) in

dorsal and pygidial color pattern, but the

mesoventral margin of the metafemur in

cistelinus is angulate near the metatibial in-

sertion contrasted with the straight margin

in whiteheadi, and the male genitalia of the
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Figs. 1-9. Amhiycerus whiteheadi, new species. 1, dorsal habitus; 2, pronotum, dorsal outline; 3, scutellum-
4, pygidium; 5, metafemur and tibia; 6, male genitalia, median lobe; 7, same, lateral lobes; 8, same, everted
mtemal sac (dv-dorsal valve, w-ventral valve); 9, pupal case.
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two species, although similar, are diagnostic

(cf. fig. 16, Kingsolver 1970, with Figs. 5,

6, and 7, this paper). Amblycerus cistelinus

infests fruits of Guazuma ulmifolia (Ster-

culiaceae). Freese (1983) observed Capu-

chin monkeys feeding on larvae in Apeiba

fruits. His identification o^Amblycerus cis-

telinus undoubtedly should be referred to

A. whiteheadi.

Biology.—The fruits oi Apeiba membra-
naceae are "depressed-globose, 8 to 10 cm.

in diameter, coriaceous, pulpy within,

densely covered with long, stout, hairy

spines" (Standley 1923). The spines, how-
ever, are rubbery when green.

Lawrence J. Bottimer collected and reared

specimens ofthis bruchid at Barro Colorado

Island, Panama. Following is a transcrip-

tion of his unpublished notes written 27-11-

1964:

"Located a large tree oiApeiba membra-
nacea (monkey comb) (Tiliaceae) with a

large crop of mature pods. Some were eaten

by animals perhaps for the bruchid larvae,

but collected many that were not eaten. Eggs

were deposited mainly on the short spines.

Found at edge of fruit injuring nearly every

part of the fruit.

"When the fruits are immature, the con-

tents are watery, but in maturity, the con-

tents dry and separate from the inside sur-

face of the fruit forming a waferlike mass
of seeds attached to both the stem end and
the distal end of the fruit, but which even-

tually breaks loose and lies loose inside the

fruit. The "wafer" is nearly circular and
thinned or rounded at the edges. It is com-
posed of 10 triangular sections of tightly

packed brownish yellow, wedge-shaped
seeds."

"The bruchid larvae feed within the wafer

of seeds. Several larvae may feed in a wafer

at one time reducing it to a brownish mass
offiber and frass. Pupal cells are constructed

along the edge of the wafer, and consist of

rather substantial layer of frass that has been

cemented together. Escape from the cell is

accomplished by the larva cutting a disk

from the outer rim of the fruit. The larvae

had the remarkable ability to crawl on their

backs, but because of the curved shape of

the body, progress was slow because they

tended to fall over on their sides."

Pupal cells associated with Bottimer's

specimens from Barro Colorado are con-

structed ofseeds, frass, and fibrous material.

The glandular source of the adhesive hold-

ing the cells together is not known.

Etymology.— This species is named for

my late friend and colleague, Donald R.

Whitehead (1938-1990) who collaborated

with me for four years on Middle American

bruchids.
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Abstract.—A cladistic randomization test (Liebherr and Hajek 1990) is used to show

that when the habitat preferences, altitudinal range, forest preferences, and body size of

species of Eustilicus are mapped onto a phylogeny for the genus, the resulting patterns

deviate statistically from patterns generated at random, even though the character con-

sistency indices for these traits are low. Generally, the results of the test are consistent

with the premise that many ecological shifts in Eustilicus have taken place through the

displacement of one taxon by another. However, some species have broad ecological

preferences; interpretation of test results which take this into account is problematic.

When the randomization test is carried out at subordinate taxonomic levels in the genus,

some ambiguities in the test are revealed; it is necessary to refer to the original data to

resolve the difficulties.

Key Words: taxon displacement, taxon cycle, taxon pulse, ecological shift, randomization

test

The staphylinid beetle genus Eustilicus

Sharp comprises about 102 species, most of

which live in montane forests between 800

and 3000 m elevation in litter of one kind

or another (Frania 1990; manuscript in

preparation). Larvae and adults occur in the

same habitat, are general predators, and at-

tain a length of 5-10 mm. The range of the

genus extends from the eastern and south-

western United States to Bolivia and south-

eastern Brazil, but is centered upon Mexico

and Guatemala; about 71 species are con-

fined to this area.

In a taxonomic revision of Eustilicus, a

hypothesis of phylogeny for 9 1 of the spe-

cies was developed using morphological

characters (Frania 1990, manuscript in

preparation). Eight monophyletic groups

were recognized, the largest being the cras-

sidens group' with 62 species. Each species

group was found to exhibit a distinctive ar-

ray of natural history traits. To determine

how changes in ecological preference took

place in this genus, some ecological attri-

butes of the species were mapped in various

ways onto the phylogeny (e.g. Fig. 1). It was

concluded that many of the shifts in habitat

type, altitudinal range, and forest preference

which took place in Eustilicus were owing

to the displacement of one taxon by anoth-

er. In particular, the crassidens group dis-

placed all the other groups (including the

' Species group names are not italicized in the text

in order to emphasize that these names are being used

informally. Also, species are referred to by number

rather than by name. This is because many of the spe-

cies are new and the revision has not been published.
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Fig. 1 . Frequency histograms showing numbers of species in each species group of Eustilicus in Mexico,

Guatemala and the United States with certain attributes, and how this relates to the hypothesized phylogeny

for the genus. SIZE CLASS. Intervals for the measure of body size employed (mean for head length + pronotal

length) were: 1 > 1.76; 2 >2.00; 3 >2.24; 4 >2.46; 5 >2.70; 6 >2.94 mm. Differences in means between any

two species placed in adjoining intervals were statistically significant at the .00 1 level (student's /-test). HABITAT

oldest ones) from the ancestral niche—
thought to be ground litter in mesic forests

at middle elevations. This scenario was

based in part on the observation that most
species which have maintained the ancestral

way of life for the genus belong to the cras-

sidens group (Fig. 1). It was also observed

(Fig. 1) that if other groups occur in ground

litter (serratus, tycho, and acinac groups),

then they are found for the most part at

higher elevations than the crassidens group

(serratus and tycho groups), or they are

smaller in size (acinac group). Indeed, com-
pared to the crassidens group, all the other

groups occupy either the high or the low end

of the range for body size in the genus (Fig.

1). Other interactions were also proposed,

such as displacement of the tristis group by

the godmani group from the ancestral hab-

itat for the tristis + godmani group clade.

One difficulty with interpretation of the

ecological data was that the character con-

sistency indices for these traits were quite

low, ranging from 0.38 for habitat type to

just 0.12 for body size. This indicated that

the fit of these data onto the cladogram was

poor, and that perhaps an evolutionary in-

terpretation of the patterns was not war-
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TYPE. A, ground litter; B, treefall litter; C, streamside litter; D, flotsam on riverbanks; E, arroyo litter; F, caves.

ALTITUDE. The elevational range of each species was noted and the species was counted present in each

interval over that range. FOREST TYPE. A, mesophytic forest, including tropical semideciduous forest and

oak-pine forest of tropical aspect; B, tropical evergreen forest; C, arid woodlands, including oak scrub, thorn

forest, arid tropical scrub and juniper grassland; D, oak-pine forest of temperate aspect; E, cloud forest.

ranted. A problem with the character con-

sistency index is that it tends to be low if

the number of taxa examined is high, irre-

spective of other considerations (Archie

1989). In the present study, a cladistic ran-

domization test employed by Liebherr and

Hajek ( 1 990) was used to investigate wheth-

er the ecological patterns ofdistribution ob-

served in Eustilicus deviate statistically from

patterns generated at random.

The test which Liebherr and Hajek ( 1 990)

employed is as follows. First, a transfor-

mation series is established for the natural

history trait in question. Secondly, the oc-

currences of the various character states are

mapped onto a reconstructed phylogeny for

the group, and the minimum number of

character state changes over the tree is com-

puted using Wagner parsimony (= Farris

optimization). The number of changes is

then calculated again using Camin-Sokal

parsimony. Reversals are allowed under

Wagner parsimony, but not under Camin-

Sokal rules. Thirdly, for each character the

character states in the data set are sampled

without replacement and reassigned ran-

domly to the terminal taxa. The number of

character state changes over the tree is then



440 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

CAMIN-SOKAL PARSIMONY

-1 1 1 1 r

2
GENUS

-^ a

TREE LENGTH

Fig. 2. Frequency histograms showing the number of times (vertical axis) a particular tree length (horizontal

axis) was obtained when the data about altitudinal range were randomized, then superimposed upon a cladogram

for the genus Kustilicus, etc., and the number of character state changes computed using Wagner or Camin-

Sokal Parsimony. The number of character state changes calculated using the original data about altitudinal

range is indicated by a triangle.

determined for the randomized data. The
third step is repeated 100 times and a fre-

quency histogram constructed showing the

distribution of values for tree length ob-

tained using the randomized data sets (e.g.

Fig. 2). If the length of the tree calculated

using the original data is less than 95 of the

tree lengths computed using the random-

ized data, it is likely that changes in the

character took place in a non-random fash-

ion.

According to Liebherr and Hajek (1990),

a statistically significant result using Wagner
parsimony indicates that there has been a

degree of habitat constancy. A positive re-

sult using Camin-Sokal parsimony indi-
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cates that reversals for the trail have been

uncommon during evolution of the group,

and it may be appropriate to invoke the

displacement ofone taxon by another as the

cause of the pattern. This is because ac-

cording to various taxon displacement

models (e.g. taxon cycles, Wilson 1961; tax-

on pulses, Erwin 1 979) the new groups which

ultimately replace the older ones arise in the

ancestral niche for the group as a whole, so

that reversals in ecological traits occur rare-

ly if ever.

In this study, the approach of Liebherr

and Hajek (1990) was extended to a con-

sideration of more than one ecological trait,

and applied at several taxonomic levels. The

problem was also examined of how to treat

species that live in more than one habitat,

or otherwise have broad ecological prefer-

ences.

Materials and Methods

Characters were referred to by number
(e.g. character 1) and character states by a

small letter (la). For character state trees

with branches, all of the character states on

one branch were assigned letters sequen-

tially (la, lb, Ic, Id), then the first character

state on the second branch was assigned the

next letter in the sequence in capitals and a

small letter indicating the character state

immediately ancestral to it (lEb). The char-

acters were:

1

.

Habitat type: ground litter (A); stream-

side litter (B); flotsam on riverbanks (C);

arroyo litter (D); caves (Eb); treefall litter

(Fb).

2. Altitudinal distribution: from above

1400 m to 1800 m (A); above 1800 m to

2 1 00 m (B); above 2 1 00 m (C); 900 to 1 400

m (Da); below 900 m (E).

3. Forest type: mesophytic forest (includ-

ing tropical semideciduous forest and oak-

pine forest of tropical aspect) (A); cloud for-

est (B); dry tropical and subtropical forest

(comprising tropical deciduous forest, trop-

ical scrub, oak-acacia scrub, and oak-juni-

per scrub) (Ca); oak-pine forest oftemperate

aspect (Da); wet tropical forest (Ea).

4. Body size, as indicated by the mean of

the head length + pronotal length: up to

2.24 mm (A); up to 2.46 mm (B); up to 2.70

mm (C); up to 2.94 mm (D); more than 2.94

mm (E); 2.00 mm or less (Fa).

Details about these traits will be present-

ed in the revision. The character state data

are given in Table 1. The species treated in

this study and the group to which each be-

longs are: cenchrus group, species 1 ; tycho

group, species 2-3; acinac group, species 4-

6; godmani group, species 7- 1 4; tristis group,

species 15-24; laticeps group, species 25-

27; serratus group, species 28-32; crassi-

dens group, species 33-91. The fully re-

solved tree will be illustrated in the revision.

The standardized set notation for this tree

(Felsenstein 1986) is:

(( 1 ,((2,3),(((4,5),6),((((7,8),(9,( 10,11 )))),(( 1 2,

13),14)),((15,(16,17)),(((18,19),(20,(21,(22,

23)))),24)))))),(((25,26),27),((29,(28,(30,(3 1

,

32)))),((((33,(((34,35),36),(37,38))),39),(((42,

43),(44,45)),((4 1 ,(46,((((47,48),(49,50)),5 1 ),

52))),((((53,54),55),56),(((40,57(57,58)),(59,

((60, 6
1 ), (62, 63)))), ((64, ((65, 66), 67)), (68,

69))))))))), (77, (((70, ((((7 1 , 72), (73, 74)), 75),

76)),(78,79)),(80,((82,(8 1 ,83)),((84,(85,86)),

((87,88),((89,91),90))))))))))).

An assumption in this study was that the

phylogeny is correct. Other assumptions

were that the character transformation se-

ries are ordered properly and the ancestral

condition for each character is known. The

latter assumption may not hold for body

size because based on Wagner parsimony

state C is the ancestral condition, while based

on outgroup comparison condition A is an-

cestral.

To implement the randomization test, the

original letter coded data were randomized

100 times using the Randomiz computer

program (J. W. Archie, version dated 11/

22/89). Each set of randomized data was

then additively binary coded using the Fac-

tor program in the Phylip computer package

(J. Felsenstein, version 2.9). The Mix pro-
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Table 1 . Character state matrix for selected species of Eustilicus. Optimal character state under Wagner

parsimony is underlined once; least optimal character state under Wagner parsimony (if different) is underlined

twice.
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gram in Phylip was then used to compute

tree lengths, first under Wagner parsimony

(the default in Mix) and then under Camin-

Sokal parsimony (CS option), the tree being

input with the U option.

If a species exhibited more than one state

ofa character, parsimony was used to choose

which state to include in the data set. This

was done by computing the length of tree

using the original data with the characters

in question coded as missing "?" for the

relevant species. It was then determined

which state of the character in question

would least increase the length of the tree;

i.e. with respect to the altitudinal range of

species 1 , state A was selected over state Ea

for inclusion in the data set because one less

step was added to the length of the entire

tree. In two instances the optimal character

state was not one of the states exhibited by

those species: e.g. in species 9 and species

10 the optimal character state for forest type

was Ea (tropical rainforest), but these two

species do not occur in that kind of forest,

so state A was selected instead. In five in-

stances different character states proved to

be optimal depending upon whether the cal-

culation was done using Wagner or Camin-
Sokal parsimony. For the forest preference

of species 59, using Wagner parsimony the

fewest character state changes were required

if state Ea was selected, but using Camin-
Sokal parsimony it was preferable to choose

state A; in species 16 and species 17 state

Eb of character 1 , in species 70 state A of

character 2, and in species 76 state A of

character 2 were optimal under Camin-So-

kal parsimony, but not under Wagner par-

simony (Table 1).

Selecting character states on the basis of

the most parsimonious alternative could in-

troduce a bias for a statistically significant

result because homoplasy owing to the ex-

istence ofspecies with broad ecological pref-

erences is not taken into account. This pos-

sibility was examined by repeating the tests

for the worst possible case, e.g. if a species

exhibited two or more states of a character.

that state was selected for inclusion in the

data set which most increased the length of

the tree. In five instances different character

states were least optimal depending on how
the calculation was done: i.e., in species 10

state E of character 2, in species 1 1 state A
ofcharacter 2, in species 59 state Ea ofchar-

acter 3, in species 89 state C of character 2,

and in species 91 state A of character 2

proved to be least optimal under Camin-
Sokal parsimony, but not using Wagner par-

simony (Table 1).

Tests were done first on the genus as a

whole, and then at several taxonomic levels

within the genus: e.g. on the clade com-
prised of cenchrus + tycho + acinac + tris-

tis + godmani groups, on the acinac + tris-

tis + godmani group clade, etc. (Table 2).

Testing was not extended below the species

group level.

Results

Results obtained using the original data.—
For the genus as a whole, the tree length

computed using the original data for alti-

tudinal range, forest type and body size was

greater under Camin-Sokal parsimony than

Wagner parsimony (Tables 2-3). This was

because the number of character state

changes for each of these traits could be

reduced by invoking reversals in the laticeps

+ serratus + crassidens group clade. Such

was not the case in the cenchrus + tycho +
acinac + godmani + tristis group clade, or

among subordinate taxa in this clade. When
each of these taxa was tested alone, for all

three traits the length ofthe tree was usually

the same whether the calculation was done

using Wagner or Camin-Sokal parsimony.

However, for habitat type the tree for the

tristis + godmani group clade was one step

longer under Camin-Sokal parsimony. This

is because it is most parsimonious if state

B is taken to be the ancestral condition in

the clade, but under Camin-Sokal parsi-

mony it is necessary to postulate the exis-

tence ofa hypothetical ancestor having state
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Table 2A. Length of a cladogram for the genus Eustilicus for each of four ecological traits based upon the

original data, followed in parentheses by the number of tree lengths of this number of steps or less obtained

using 100 sets of randomized data. Lengths calculated using Wagner parsimony (= Farris optimization). Optimal

character state selected for those species which exhibit more than one state of a character. Branches: 1, cenchrus

+ tycho + acinac + godmani + tristis group; 2, acinac + godmani + tristis group; 3, tristis + godmani group;

4, tristis group; 5, godmani group; 6, laticeps + serratus + crassidens group; 7, crassidens group. NS, not

statistically significant at the 95% confidence level.
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Table 3A. As in Table 2A, except lengths obtained using Camin-Sokal parsimony.
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alticudinal habiCa
range tiype

C

A (Eb)

A (Eb)

Fig. 3. Hypothesis of phylogeny for certain species

in the godmani and tristis groups of the genus Eustili-

cus, showing character state data for ahitudinal range

and habitat type. Points at which it is most parsimo-

nious to postulate changes in habitat type are indicated

by the letter representing the new character state. Pa-

rentheses indicate the optimal condition under Camin-

Sokal parsimony.

nac + godmani + tristis group clade (Tables

2-3B).

Results concerning forest type were sim-

ilar to those obtained for ahitudinal range,

except that for the tristis and godmani groups

no deviation from randomness was ob-

served for this trait (Tables 2-3A). In con-

trast, a marginally significant deviation from

randomness was obtained for the cenchrus

+ tycho + acinac + godmani + tristis group

clade as a whole when the least optimal

character states were included in the data

set (Tables 2-3B).

Discussion

The impetus for this study was the pos-

sibility that an evolutionary interpretation

of the ecological data for Eustilicus was not

warranted because the character consisten-

cy indices for the traits in question were very

low. This concern proved to be unfounded

because when randomization tests were car-

ried out, for the genus as a whole a consid-

erable gap was always observed between the

values for tree length obtained using ran-

domized data and the original data, even

though the values of "ci" ranged from just

0. 1 2 for ahitudinal range to 0.38 for habitat

type. Thus, the character consistency index

is not a good indicator of whether a partic-

ular character is distributed in a non-ran-

dom fashion on a cladogram.

The results of the randomization tests at

first sight appeared to be entirely consistent

with the premise that there have been shifts

in habitat type, ahitudinal range, forest pref-

erence, and body size in the cenchrus +
tycho + acinac + godmani + tristis group

clade away from that ofthe crassidens group.

For habitat type, the test results also seemed

to provide unequivocal support for the pro-

posal that there have been interactions be-

tween the tristis and godmani groups which

led to shifts in habitat type in the tristis

group. Some issues arose during the analysis

which suggest that some ofthe results should

be treated with caution.

Effect ofthe number ofrepetitions.— Body
size was coded such that no species could

exhibit more than one state ofthe character,

so the results for body size should have been

the same in tests 1 and 2 (Table 2), and in

tests 3 and 4 (Table 3). In regards to the

cenchrus + tycho + acinac + godmani +
tristis group clade, a non-significant result

was obtained in test 3 (Table 3A), a mar-

ginally significant result in test 4 (Table 3B).

This indicates that at least in marginal cases,

it is necessary to increase the number of

repetitions.

Effect of different strategies for selecting

character states when a species exhibits more

than one state of a character.—The use of

parsimony to choose between alternative

character states for species which exhibit

more than one condition of a character has

the advantage that it is consistent with the

outgroup criterion for selecting the primi-

tive condition of a character. Liebherr and
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Hajek (1990) used ecological criteria for this

purpose, e.g. for each species in the Platynus

jaegeri group which has a wide elevational

range, the lowest elevational interval where

that species occurs was selected because this

reflects "the tolerance ofthe species for mar-

ginal and/or oscillating conditions." A dif-

ficulty with their approach is that the pro-

cedure is arbitrary and contentious (it

probably depends on the locale whether

conditions at lower elevations are less pre-

dictable than at higher elevations). Also, this

approach is not applicable to all traits, and

could introduce biases in favour of one re-

sult or another which are not immediately

apparent. The use ofparsimony avoids these

problems, but there are other difficulties.

Randomization tests done using Camin-So-

kal and Wagner parsimony will not always

be entirely comparable with one another be-

cause the character state that is optimal un-

der Wagner parsimony may not be optimal

under Camin-Sokal parsimony. In the pres-

ent study there were only three instances of

this sort. A more serious difficulty was the

bias introduced in favour of a positive re-

sult. An attempt to counteract this bias by

selecting the least optimal character states

for the tests was too successful; then for most

traits statistically significant results were ob-

tained only at the highest taxonomic levels.

What is required is some less extreme strat-

egy for selecting character states.

Nonetheless, the results of the "worst

case" tests cast doubt on the findings of sta-

tistically significant deviations from ran-

domness for altitudinal range and forest

preference in the cenchrus + tycho + acinac

+ godmani + tristis group clade. This is

because so many species are found over a

broad elevational range, and/or in more than

one type of forest.

Effect of a significant test result at one

taxonomic level on results at another tax-

onomic level— Using Wagner parsimony, a

marginally significant departure from ran-

domness for altitudinal range was obtained

for the godmani group because one clade in

this group tends to be found at higher ele-

vations than the other (Fig. 3). However,

the deviation from randomness was not large

enough, or perhaps there were not enough

taxa in this clade to produce a statistically

significant result for the tristis + godmani

group clade as a whole. Evidently, a nega-

tive result at one taxonomic level does not

rule out the possibility of a statistically sig-

nificant deviation from randomness at a

subordinate taxonomic level. Conversely, if

there is a large enough deviation from ran-

domness in just one of several clades, this

can result in a statistically significant result

at a more inclusive taxonomic level. Thus,

the marked deviation from randomness for

body size in the laticeps + serratus + cras-

sidens group clade could account entirely

for the finding of a statistically significant

pattern for the genus as a whole because the

cenchrus + tycho + acinac + godmani +
tristis group clade does not show a departure

from randomness for body size. However,

the pattern ofcomplementarity for body size

evident in Fig. 1 appears to be decisive in

showing that there have been shifts in body

size in the cenchrus + tycho + acinac +
godmani + tristis group clade away from

that of the crassidens group.

Conclusions

Results ofthe randomization test support

the premise that some shifts in habitat type,

ahitudinal range, forest preference, and body

size in the genus Eustilicus were due to the

displacement of one taxon by another. The

test does not always allow one to identify

the taxa between which interactions took

place. This difficulty becomes apparent when

tests are carried out at more than one tax-

onomic level. Plotting the natural history

data in various ways to reveal complemen-

tary patterns of distribution (e.g. Fig. 1; fig.

7 1 , Allen and Ball 1 980; fig. 1 44, Whitehead

1976) effectively resolves this problem.

A statistically significant deviation from

randomness for one ecological trait at some

taxonomic level in Eustilicus was often ac-
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companied by a negative result for another

trait. Also, a significant result for a trait at

one taxonomic level was not necessarily re-

flected at higher or subordinate taxonomic

levels. This indicates that more intensive

analyses are required before concluding as

Liebherr and Hajek (1990) have done that

in many instances, shifts in habitat type, etc.

previously attributed to the displacement of

one taxon by another, are actually owing to

chance, or to climatic changes and nothing

more.
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MELANOTRICHUS WHITEHEADI, A NEW CRUCIFER-FEEDING
PLANT BUG FROM THE SOUTHEASTERN UNITED STATES, WITH
NEW RECORDS FOR THE GENUS AND A KEY TO THE SPECIES OF

EASTERN NORTH AMERICA (HETEROPTERA: MIRIDAE: ORTHOTYLINAE)
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Systematic Entomology Laboratory, Plant Sciences Institute, ARS, USDA, % National
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Abstract. —The new orthotyline mirid Melanotrichus whiteheadi is described from spec-

imens collected in Florida, Georgia, and South Carolina. This species is a crucifer speciahst

apparently restricted to feeding on tansy mustard, Descuminia pinnata pinnata, a native

to southern United States. An adult habitus, figures of male genitalia, and micrographs

of other structures ofM whiteheadi are provided, the first eastern record for M. brindleyi

Knight and additional records of M. leviculus Knight are reported, published records of

the immigrant M. concolor (Kirschbaum) and M. virescens (Douglas and Scott) are clar-

ified, and a key is given to help recognize the eight eastern North American species of

Melanotrichus.

Key Words: Insecta, Heteroptera, Miridae, eastern nearctic, Melanotrichus, key, new

species

Before this study, only four ofthe 25 North tion, convergent parempodia, dorsum with

American species of Melanotrichus Renter both simple and scalelike setae, a produced

were recorded from the eastern United States tylus that is broad and anteriorly flattened

(Henry and Wheeler 1988). Knight ( 1 923) in lateral aspect, the C-shaped left paramere

included M. catulus (Van Duzee), M. con- in dorsal aspect, and the pair of dorsally

color (Kirschbaum), and M. flavosparsus directed processes on the ventral margin of

(Sahlberg) in his key to the species of Or- the aperture of the male genital segment.

thotylus Fieber of Connecticut. Knight The genus can be keyed in Kelton (1980),

(1927) later raised Renter's subgenus Mela- Knight (1941), and Slater and Baranowski

notrichus, with M. flavosparsus as the type (1978). In the latter two keys, an extra cou-

species, to generic status based on two types plet is needed to accommodate Brooksetta,

of dorsal pubescence and the form of the which now contains the species bearing

left paramere, and described M. leviculus black, scalelike setae on the dorsum,

from coastal New York. In his "Miridae of In this paper I describe the new species

Illinois," Knight (1941) provided a key to M. whiteheadi from southeastern United

identify M. althaeae Hussey, M. catulus, and States, give the first eastern record for M.

M. flavosparsus. Kelton (1979a, b), how- brindleyi Knight and additional records of

ever, moved M. althaeae to his new genus M. leviculus Knight, and clarify confusion

Brooksetta, leaving only four eastern species between M. concolor (Kirschbaum) and M.

in the genus. virescens (Douglas & Scott). Also provided

Species of Melanotrichus can be recog- are an adult habitus, figures of male geni-

nized by the dusky-brown to green colora- talia, and micrographs of other pertinent
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Structures ofM whiteheadi, and an identi-

fication key to help distinguish the eight

eastern North American species of Mela-

notrichus.

The following abbreviations are used for

institutions cited in this paper: AMNH
(American Museum of Natural History,

New York); CNC (Canadian National Col-

lection, Ottawa); DAR (David A. Rider col-

lection); UCM (University ofColorado Mu-
seum, Boulder); FSCA (Florida State

Collection ofArthropods, Gainesville); PDA
(Bureau of Plant Industry, Pennsylvania

Department of Agriculture, Harrisburg);

TAM (Texas A&M University, College Sta-

tion); and USNM (U.S. National Museum
of Natural History, Washington, D.C.).

Melanotrichus brindleyi Knight

This species was described from Idaho,

Minnesota, and Wyoming (Knight 1968)

and later reported from Alberta, Manitoba,

and Saskatchewan on Antennaria campes-

tris Rydb. [Asteraceae] (Kelton 1980). It is

best recognized by the long rostrum that

extends well beyond the metacoxae.

New records are MAINE: Aroostook Co.,

American Realty Road, 2.5 mi. W. of Ash-

land, 5 July 1989, T. J. Henry and A. G.

Wheeler, taken on Anaphalis sp. [Astera-

ceae] (USNM); Piscatquis Co., Millinocket

Road, near Baxter State Park, 4 July 1989,

T. J. Henry and A. G. Wheeler, Jr., taken

on Anaphalis sp. (USNM).

Melanotrichus catulus (Van Duzee)

Van Duzee (1916) described this species

from New York. It is now known to range

from Maine to Minnesota, south to Mis-

souri and West Virginia (Henry and Whee-
ler 1988). Low cudweed, Gnaphalium uli-

ginosum L. [Asteraceae] (Knight 1941), and
Antennaria sp. [Asteraceae] (Wheeler et al.

1983) have been cited as hosts. This species

is readily recognized by the dusky-brown
dorsum and short second antennal segment.

A new state record is NORTH CARO-
LINA: Gaston Co., near Crowders Moun-

tain, 22 April 1988, T. J. Henry and A. G.

Wheeler, Jr., [adults and nymphs] taken on

Antennaria plantaginifolia (L.) Richards

(USNM). A new Canadian record is ON-
TARIO: Parry Sound, 10 July 1915, H. S.

Parish (USNM).

Melanotrichus coagulatus (Uhler)

Described from Colorado (Uhler 1877),

this species is now known from Alberta to

Manitoba and south to Texas, California,

and Mexico (Henry and Wheeler 1988).

Early records ofM. coagulatus from the East

are misidentifications of M. JJavosparsus.

Kelton (1980) recorded lamb's quarters,

Chenopodium album L. [Chenopodiaceae],

as the host in the Prairie Provinces.

Although not reported east of the Missis-

sippi River, I have included M. coagulatus

in the key because of its great similarity to

M. flavosparsus and its occurrence in Iowa

and central Canada. Both species have a

mottled-green appearance, bear clusters or

patches of silvery scalelike setae on the

hemelytra, and prefer species of Chenopo-

dium as hosts.

Melanotrichus coagulatus is best distin-

guished by the dark tibial spines, dusky cloud

on the hemelytral membrane, and the in-

ward-curving arm of the left paramere as

illustrated by Kelton (1980).

Melanotrichus concolor (Kirschbaum)

This palearctic species was first reported

in North America from Woods Hole, Mas-

sachusetts (Knight 1922). I have studied

Knight's specimens from Woods Hole
(USNM) and have found that they represent

M virescens (Douglas and Scott); conse-

quently, the first North America record of

M. concolor \s from British Columbia (Anon.

1932). I have been unable to confirm

Moore's (1950) record from Quebec, but if

he used Knight's (1922, 1923) description

and key (1923) to determine his specimens,

or if Knight identified this material, then

these Canadian specimens also should be

referred to M. virescens. Melanotrichus con-
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color also has been reported from California

(Waloff 1966) and Wisconsin (Akingbo-

hungbe 1972), suggesting multiple intro-

ductions with its host Scotch broom, Cyti-

sus scoparius (L.) Link. [Fabaceae].

In my key M. concolor runs to the couplet

with M. virescens, but is readily separated

by the pale-green dorsum, with sparsely in-

termixed, dark setae, and the pale femoral

setae and tibial spines.

Melanotrichus flavosparsus (Sahlberg)

Reuter (1 875) gave the first correct North

American report of this species, but Kelton

(1968) documented an earlier record (Pro-

vancher 1872) given as Lygus unicolor. This

immigrant palearctic species is now wide-

spread over much of North America and is

very common in the East; it is found most

commonly on Chenopodium album L.

Melanotrichus flavosparsus could be con-

fused with the western M. coagulatus be-

cause of the similar mottled-green dorsum
and clustered, silvery, scalelike setae on the

hemelytra. However, it is best separated

from that species by the pale tibial spines,

uniformly colored hemelytral membrane,
and distinctive left paramere having the

slender process curving away from the seg-

ment as illustrated by Kelton (1980).

Melanotrichus leviculus Knight

This species was first described from Sea

Cliff, New York, on Suaeda maritima (L.)

Dum. [Chenopodiaceae] (Knight 1927), and

later reported from Texas (McGarr 1933)

and Alberta, Manitoba, and Saskatchewan,

on Suaeda depressa (Pursh) Wats, and Sal-

icornia rubra A. Nels [Chenopodiaceae]

(Kelton 1980). This species is recognized by

its small size (3.00 mm or less) and uni-

formly pale dorsal pubescence.

New state records are FLORIDA: Mon-
roe Co., Plantation Key, 8 April 1981, T.

J. Henry and A. G. Wheeler, Jr., taken on

Suaeda linearis (Ell.) Moq. (PDA, USNM);
Monroe Co., Upper Key Largo, 9-18 April

1981, T. J. Henry and A. G. Wheeler, Jr.,

taken on S. linearis (PDA, USNM). An ad-

ditional record for Texas is Refugio Co., S.

of Bayside, 20 April 1983, T. J. Henry and

A. G. Wheeler, Jr., taken on Suada linearis

(PDA, USNM).

Melanotrichus virescens

(Douglas and Scott)

As discussed under M. concolor. Knight's

(1922) Woods Hole, Massachusetts, speci-

mens represent the first North American
record for the palearctic M virescens. It is

likely that Moore's (1950) report ofM con-

color from Quebec also refers to M. vires-

cens. This immigrant mirid is also known
from British Columbia (Scudder 1 960), Cal-

ifornia (Waloff 1966), and Oregon (Anon.

1968), indicating that probably there have

been several introductions into North
America. Waloff (1966) studied this Scotch

broom, Cytisus scoparius (L.) Wimm., spe-

cialist in the Pacific Northwest.

This species is distinguished from all oth-

er eastern species of Melanotrichus by the

short rostrum, black tibial spines and fem-

oral setae, and the dark-green dorsum,

thickly set with long, dark, bristlelike setae.

Melanotrichus whiteheadi Henry,

New Species

Figs. 1-13

Diagnosis. — Separated from all other

eastern species ofMelanotrichus by the short

2nd antennal segment that is shorter than

the basal width of the pronotum, the uni-

formly green dorsum, and short rostrum that

extends only to the posterior margin of the

mesostemum.
Description.— Orthotylinae: Orthotylini.

Male(n = 10): Length 3.24-3.76 mm, width

1 .28-1 .44 mm. Head: Width 0.76-0.80 mm,
vertex 0.38-0.40 mm. Rostrum: Length

0.88-0.96 mm, extending to posterior mar-

gin of mesostemum. Antenna: Segment I,

length 0.26-0.30 mm; II, 0.84-0.94 mm;
III, 0.72-0.84 mm; IV, 0.26-0.32 mm. Pro-

notum: Length 0.54-0.60 mm, basal width

1.14-1.20 mm.
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Fig. L Melanotrichus whiteheadi: male habitus.
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Figs. 2-7. Male genitalia of M. whiteheadi: 2. Left

paramere (posterior aspect). 3. Left paramere (anterior

aspect). 4. Left paramere (dorsal aspect). 5. Right par-

amere. 6. Spicules of vesica. 7. Ventral processes of

aperture.

Female {n = 10): Length 3.44-3.92 mm,
width 1.42-1.62 mm. Head: Width 0.72-

0.84 mm, vertex 0.42-0.50 mm. Rostrum:

Length 1.02-1.04 mm, extending to poste-

rior margin of mesostemum. Antenna: Seg-

ment I, length 0.26-0.30 mm; II, 0.84-0.96

mm; III, 0.70-0.74 mm; IV, 0.30-0.32 mm.
Pronotum: Length 0.52-0.62 mm, basal

width 1.16-1.32 mm.
Generally green to greenish yellow. Head

subtriangular; tylus produced and acute in

dorsal aspect (Fig. 9), wide and flattened

anteriorly in lateral aspect (Fig. 8); base wid-

er than anterior pronotal margin and thickly

carinate; eyes prominent, more so in males;

vertex equal to combined widths of eyes in

males, about 1.5 times combined widths of

eyes in females. Antennal segment I green

to greenish yellow, about 2 times as thick

as segment II; segment II green at base, be-

coming dusky distally, slightly more thick-

ened in males; segments III and IV dusky.

Pronotum trapeziform, calli weakly swol-

len, yellow; posterior Vi green. Mesoscutum
yellow; scutellum yellow, especially at base,

to green. Hemelytron translucent green, with

claval and emboliar margins often darker

bluish green; subparallel in males, more
broadly oval in females; cuneus very pale,

translucent green to nearly transparent;

membrane translucent brown with veins

pale green. Ventral surface of body yellow-

ish green. Legs green to greenish yellow, tib-

ial spines pale, claws (Fig. 1 1) brown. Ves-

titure: Head and pronotum thickly set with

erect and suberect, pale, simple setae;

hemelytron with erect and suberect, dark,

rather stout, simple setae; dorsum inter-

mixed with silvery, somewhat slender,

scalelike setae (Figs. 12-13); apical '/2 of cla-

vus and middle of corium with sparsely

scattered, dark-brown, scalelike setae.

Male genitalia: Left paramere (Figs. 2-4),

broad, tapering basally in caudal or poste-

rior aspect (Fig. 2), somewhat C-shaped in

dorsal aspect (Fig. 4) with a slender, inward

curving arm; right paramere (Fig. 5) rela-

tively simple, somewhat L-shaped, tapering

apically; vesica with 2 spicules (Fig. 6) and

a distinct secondary gonopore; phallotheca

membranous, forming a simple, transpar-

ent sheath around vesica; aperture round,

basal margin with 2 stout processes (Fig. 7)

projecting dorsally, visible only after the

parameres are removed.

Type material.— Holotype: $, South Car-

olina, Bamberg Co., Bamberg, Rt. 78, 24

April 1988, T. J. Henry and A. G. Wheeler,

Jr., taken on Descurainia pinnata pinnata

(USNM). Paratypes: FLORIDA.-7 9, Ala-

chua Co., Gainesville, Rt. 24, 23 April 1984,

T. J. Henry and A. G. Wheeler, Jr., taken

on D. p. pinnata (FSCA, USNM); 9 5, 8 9,

Duval Co., Jacksonville, Rt. 1, 5 April 1981,

T. J. Henry, A. G. Wheeler, Jr., and D. R.

Whitehead, taken on D. p. pinnata (USNM);
1 <3, 6 9, Gilchrist Co., Rt. 129, 5 mi. N. of

Trenton, 30 April 1984, T. J. Henry and A.

G. Wheeler, Jr., taken on D. p. pinnata

(USNM); 2 3, 7 9, Jefferson Co., Rt. 98, 1

mi. W. of Taylor Co. line, 30 April 1984,

T. J. Henry and A. G. Wheeler, taken on

D. p. pinnata (USNM); 12 9, Lafayette Co.,

Rt. 27, 2 mi. W. of Mayo, 30 April 1984,

T. J. Henry and A. G. Wheeler, Jr., taken

on D. p. pinnata (USNM); 1 9, Lake Co.,

Rt. 27, nr. Clermont, 24 April 1984, T. J.

Henry and A. G. Wheeler, Jr., taken on D.
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Figs. 8-13. Scanning electron micrographs of M. whiteheadi: 8. Lateral aspect of head (122x). 9. Dorsal

aspect of head {116x). 10. Ostiole (253x). 11. Claw (661 x). 12. Scalelike setae on scutellum (1090x). 13.

Scalelike setae on hemelytron (635 x).

p. pinnata (USNM); 6 5, 2 1 9, Levy Co., Rt.

27, 4.5 mi. S. of Jet. 24, 29 April 1984, T.

J. Henry and A. G. Wheeler, Jr., taken on

D. p. pinnata (FSCA, USNM); 2 9, Nassau

Co., at Jet. 1-95 & Rt. 17, 22 April 1984,

T. J. Henry and A. G. Wheeler, Jr., taken

on D. p. pinnata (USNM); 1 9, Putnam Co.,

Welaka Res. Sta., blacklight, 8-IV 1983, D.

A. Rider (DAR); 10 9, Suwannee Co., Rt.

1 29 at Jet. 27, E. of Branford, 30 April 1 984,

T. J. Henry and A. G. Wheeler, Jr., taken

on D. p. pinnata (USNM). GEORGIA.-3
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9, Brantley Co., Rt. 84, nr. Nahunta, 4 May
1984, T. J. Henry and A. G. Wheeler, Jr.,

taken on D. p. pinnata (USNM); 10 3, 21 9,

Glynn Co., Jekyll Island, Rt. 17, 22 April

1984, T. J. Henry and A. G. Wheeler, Jr.,

taken on D. p. pinnata (AMNH, FSCA,
USNM); 1 3, 1 9, Mcintosh Co., Rt. 251, at

Darien, 4 May 1984, T. J. Henry and A. G.

Wheeler, taken on D. p. pinnata (USNM).
SOUTH CAROLINA. -33 <5, 36 9, same

data as for holotype (AMNH, FSCA,
USNM); 3 <5, Berkeley Co., Jamestown, 25

April 1988, T. J. Henry and A. G. Wheeler,

Jr., taken on D. p. pinnata (USNM); 21 3,

25 9, Dorchester Co., Rt. 78 at Jet. 178, S.

of Harleyville, 25 April 1988, T. J. Henry

and A. G. Wheeler, taken on D. p. pinnata

(USNM); 6 3, 11 2, Georgetown Co.,

Georgetown, 25 April 1988, T. J. Henry and

A. G. Wheeler, Jr., taken on D. p. pinnata

(USNM).

Etymology.— I dedicate the name of this

mirid in remembrance of my very good

friend Donald R. Whitehead, who helped

collect the first specimens of it during a

memorable fieldtrip to Florida in 1981. His

thought-provoking conversations and com-
panionship will be missed.

Host.—Adults and nymphs were taken in

abundance on the southern subspecies of

tansy mustard, Descuminia pinnata pinnata

(Walt.) Britt. (Brassicaceae). This is only the

second North American mirid known to

specialize on crucifers.

Melanotrichus albocostatus Knight,

known from Alberta and Saskatchewan,

south to Arizona and Colorado (Henry and

Wheeler 1988), has been recorded from

Descurainia sophia (L.) Webb (Kelton 1 980).

I also have studied specimens of M. albo-

costatus from Descurainia sp. and Cardaria

sp. in Colorado (UCM) and from London
rocket. Sisymbrium irio L., in Arizona

(USNM).
Distribution.—Known only from Flori-

da, Georgia, and South Carolina, but prob-

ably will be found wherever its host D. pin-

nata pinnata occurs— Virginia, south to

Florida and Texas (Gleason and Cronquist

1963).

Key to the Eastern North American
Species of Melanotrichus

1

.

Length of second antennal segment less than

basal width of pronotum 2

- Length of second antennal segment distinctly

greater than basal width of pronotum 4

2. Rostrum long, extending well beyond meta-

coxae brindleyi Knight

- Rostrum shorter, never extending beyond
metacoxae 3

3. Dorsum dusky brown, with paler yellow areas;

rostrum extending to metacoxae

catulus (Van Duzee)

- Dorsum uniformly green, never brown; ros-

trum extending to posterior margin of meso-

stemum, rarely to mesocoxae

whiteheadi, new species

4. Silvery scalelike setae on dorsum occurring in

thick patches; hemelytral coloration mottled

green (i.e. green with pale areas or pale green

with darker green blotches) 5

- Silvery scalelike setae on dorsum evenly scat-

tered, never occurring in thick patches; dorsum

uniformly green 6

5. Tibial spines brown to fuscous; membrane
translucent with a small, dusky-brown cloud

just beyond veins; slender arm of left paramere

curved inward coagulatus (Uhler)

- Tibial spines pale; membrane uniformly trans-

lucent; slender arm ofleft paramere curved away

from segment flavosparsus (Sahlberg)

6. Length 3.00 mm or less; simple setae on dor-

sum always pale leviculus Knight

- Length 4.00 mm or greater; dorsum with both

pale and fuscous or black simple setae 7

7. Dorsum dark green, thickly set with long, fus-

cous to black, bristlelike setae; setae on femora

dark; tibial spines black

virescens (Douglas & Scott)

- Dorsum pale green, pubescence predominately

pale, intermixed with some darker setae; setae

on femora and tibial spines pale

concolor (Kirschbaum)
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Abstract.—T-wo species of stratiomyid flies are recorded from Cocos Island, an oceanic

island in the tropical eastern Pacific Ocean. Merosargus insularis Curran, an endemic

species described in 1 934 is found to be common on the island, and Cyphomyia whiteheadi

is described as new. Both species belong to large, widespread Neotropical genera.

Key Words: Diptera, Stratiomyidae, new species, Cocos Island, Pacific Ocean, distri-

bution

Cocos Island is a small oceanic island ly-

ing in the far eastern Pacific Ocean. It is

located at 5°32'57" North Latitude and
86°59'17" West Longitude, approximately

midway between mainland Costa Rica and

the Galapagos Islands. A more detailed de-

scription of the island and a summary of

expeditions to the locality, including a pre-

liminary list of terrestrial arthropods, were

presented by Hogue and Miller (1981).

Recent entomological investigations into

the Cocos Island fauna have been coordi-

nated through the Natural History Museum
of Los Angeles County (LACM). This insti-

tution forwarded their holdings of Stratio-

myidae from the island, as well as those that

they had accumulated from other museums
(American Museum ofNatural History, New
York [AMNH], Museum of Comparative

Zoology, Cambridge Massachusetts [MCZ],

and California Academy of Sciences, San

Francisco [CAS]), to me for study. Two spe-

cies are present in the material, one previ-

ously described and the other undescribed.

Merosargus insularis Curran

Merosargus insularis Curran, 1934: 150.

Type material.—The holotype male is

housed in the California Academy of Sci-

ences, and is labeled: "Cocos I. IX-3-05/

Coll. by F. X. Williams/Merosargus TYPE
insularis <5 Curran No." It was listed in the

original publication of CAS No. 3795. The
specimen is in excellent condition, with only

the knob of the left halter missing and a

minute bit of insect damage to the lateral

areas of tergites two to four ofthe abdomen.

Diagnosis.—Merosargus insularis keys to

M. penai James (known only from Ecuador)

at couplet 48 in the key of James and

McFadden (1971) by possessing the follow-

ing features: Upper frons metallic green;

prosternum brownish; scutum metallic

green, only postalar calli, lateral areas of

transverse suture, and narrow lateral mar-

gins postsuturally dirty brownish yellow;

pleura with dorsal margin ofkatepistemum,

posterior half of anepimeron, most of mer-

on, and lateral areas of katatergite dirty yel-

lowish; most of katepistemum ("pectus")

dark brown with distinct metallic green re-

flections; legs with front tarsus and all fem-

ora yellow; wing with R4 and M, fully de-

veloped; R2+3 strong, arising at r-m, and

ending in costa; and alula narrow and par-

allel-sided.

Merosargus insularis differs from M. pe-

nai in having the frontal callus whiter in
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color, more strongly contrasting with lower

frons; prothorax more extensively yellow,

especially proepistemum; pale band on dor-

sal edge of katepistemum extending nearly

to front coxa; meron mostly yellow; kata-

tergite extensively metallic green medially;

front and middle legs with tarsi wholly yel-

low (although with some black pilosity); wing

with alula with apical half and scattered ar-

eas anteriorly set with microtrichia; abdo-

men less petiolate in male; and sutural re-

gion between tergites four and five yellow.

Material examined. -COSTA RICA:
COCOS ISLAND: 1 3, Wafer Bay, 11-16

April 1963, P. Slud (AMNH); 1 5, 2 9, Wafer

Bay, 17-22 April 1975, C. L. Hogue
(LACM); 19 5, 2 9 Wafer Bay Station 1, 23

March 1978, C. Hogue and S. Miller

(LACM, USNM); 1 <5, 3 9, Wafer Bay Sta-

tion 3, 24 March 1978, Malaise trap, C.

Hogue and S. Miller (LACM); 1 3, 1 9, same
data but 25 March 1978 (LACM); 1 <5, 1 9,

same data but 26 March 1978 (LACM); 2

(5, same data but 27 March 1978 (LACM);
1 9, Wafer Bay/Rio Genio, 15 March 1980,

Malaise trap, T. K. Werner, T. W. Sherry

(LACM); 1 9, same data but 2 1 September

1984 (LACM); 2 <5, Rio Genio, 12 March
1980, Malaise trap, T. K. Werner, T. W.
Sherry (LACM); 1 3, Chatham Bay, 8 March
1964, R. O. Schuster (CAS); 3 6, Chatham
Bay, 9-11 April 1979, Malaise trap over

stream, R. Silberglied (MCZ); 2 6, Chatham
Bay, 8-1 1 April 1979, at hanging bananas,

R. Silberglied (MCZ); 1 <5, Mirador, 1 8 Sep-

tember 1984, Malaise trap (LACM); 1 <5,

summit of Cerro Iglesias, 3 March 1980, on
vegetation, T. W. Sherry, T. K. Werner
(LACM); 1 6, Cerro Iglesias, El. 1535 feet,

5 February 1984, at a Rooseveltia tree fall,

cut for palmeto, T. W. Sherry, T. K. Werner
(LACM); 1 9, "interior," vegetation, 27

February 1980 (LACM); 1 3, same data but

28 February 1980, T. K. Werner, T. W.
Sherry (LACM); 2 3, 3 9, no further data,

21 March 1984, Malaise trap, "HIBIS-
CUS," T. W. Sherry, T. K. Werner (LACM).
Remarks. — M^ro5argw5 insularis was

overlooked by James and McFadden (1971)

and James (1973). Mewsargus, with 140

species presently considered valid, is one of

the largest genera of Stratiomyidae. The ge-

nus is essentially neotropical, with only one

species, M. caeruleifrons (Johnson) from the

eastern United States, ranging entirely in the

Nearctic Region. Unfortunately, the mono-
graph of James and McFadden (1971) pro-

vided only a very superficial treatment of

the male terminalia, which offer good di-

agnostic characters for species recognition.

It is therefore difficult to identify some spe-

cies based on color features used in their

key and to be sure that specimens that key

to a certain species are in fact conspecific

with the authors' material. I have seen nu-

merous undescribed species from Central

and South America.

Mewsargus insularis is similar in general

appearance to M. stamineus (Fabricius) and
M. cingulatus Schiner, as it is to M. penai

James to which it keys in the key of James
and McFadden. The first two are wide-

spread species, common throughout their

range from Mexico to South America. Un-
fortunately, due to the poor knowledge of

the genus, it is not yet possible to comment
on cladistic relationships of M. insularis.

As this species has been collected on sev-

eral expeditions, and in fairly large num-
bers, it must be quite common on Cocos

Island. Also, given that it has been collected

from sea level to the highest point on the

island, it probably occurs everywhere on the

island.

Cyphomyia whitehead!, New Species

Type material. — The holotype male,

housed at LACM, is labeled: "COSTA RICA
Cocos Island summit of Cerro Iglesias

26.11. 1980/under tree fern frond T. W.
Sherry T. K. Werner/HOLOTYPE 3

Cyphomyia whiteheadi N.E.Woodley
1991." Other than a little very minor wing

damage, the specimen is in excellent con-

dition. An allotype 9 and 5 3 paratypes are

designated; data are summarized in the ma-
terial examined section below.

DisLgnosis.— Cyphomyia whiteheadi be-
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longs to a fairly large group of Cyphomyia
species, including the type species of the

genus C. cyanea (Fabricius), that have an

overall blue-black color, dark wings, and

females with a strongly contrasting yellow

head. It belongs to a much smaller subgroup

within this complex in which males also

have the postocular orbits developed and

have a yellow head. Males key to C andro-

gyna Osten Sacken from Costa Rica and

Panama (couplet 29) in the key of James

(1940); females key to couplet 44, but will

not exit to C androgyna because the scu-

tellar spine are not erect. Instead they exist

through the second halfofthe couplet where

females ofthree South American species are

not differentiated. Cyphomyia whitehead!

differs from C. androgyna in being less

strongly metallic blue in color, having the

postocular orbits much less strongly devel-

oped, no golden hairs at the anterior portion

of the mesonotum, and the scutellar spines

not erect but nearly in the same plane as the

dorsal surface of the scutellum.

Description. —M<3/£'." Head whitish yellow

except ocellar tubercle black, and occiput,

postgena, and most of median occipital

sclerite brownish black, lower frons above

antenna vaguely darkened; eyes large, hol-

optic on upper frons, with extremely sparse

and short hairs, appearing bare except at

very high magnification; face slightly con-

vex, evenly receding to oral margin; pos-

terior ocular orbit narrow, width slightly less

than length of second antennal segment;

head largely devoid of tomentum, a little

evident on lower frons, and along extremely

narrow facial eye margins; head rather even-

ly pilose, longest on lower frons, face and

posterior regions, mostly brownish black,

but extensively whitish on lower halfof face

and along pale parts of posterior ocular or-

bit; antenna black, 1 .63 times length ofhead

(holotype), ratio of segments 15:8:[11:7:6:

6:5:6:8:16], scape and pedicel densely set

with black pilosity, flagellum velvety to-

mentose, a few short scattered hairs present

on apical flagellomere; palpus black, mod-
erately small, second segment elongate-

ovoid, basal segment with dark hairs, the

second velvety tomentose; proboscis dark

brownish. Thorax predominantly blackish

with faint dark bluish metallic reflections,

postpronotal lobe ochre yellow, posterior

half of anepimeron and meron brownish;

scutellum with spines approximately length

of scutellum, nearly in same plane as its

dorsal surface, with outer two-thirds yellow;

thin, inconspicuous tomentum present on

prostemum, lower anterior comer of anepi-

stemum, most of meron, anatergite, medio-

tergite, and subscutellum except for lower,

central portion; pilosity of thorax wholly

dark, partly semiappressed on scutum, part-

ly erect, erect elsewhere, absent on central

portion of anepistemum, entire meron, an-

atergite, mediotergite, and lower portion of

subscutellum; legs dark brownish black,

sometimes femora slightly lighter than oth-

er segments, basitarsi and extreme bases of

second tarsomeres of all legs whitish; legs

evenly pilose, hairs dark except whitish yel-

low on light tarsal regions, although some
dark hairs are present distally on basitarsi;

wing evenly infuscate with brown color,

veins dark brown except stem vein yellow-

ish, uniformly set with dense microtrichia

except for basal three-fourths of cell pos-

terior to stem vein, an anterior band ex-

tending most of the length of cell cup and

along vein Aj; halter with stem brownish

yellow, knob dingy white. Abdomen dark

blackish with faint bluish reflections later-

ally, more violaceous on tergites four and

five, anterior three tergites being primarily

dull black, not shiny; stemites more uni-

formly colored, with faint bluish reflections,

first stemite uniformly set with dark to-

mentum; second stemite slightly produced

medially on posterior margin; abdomen
uniformly set with dark pilosity, mostly

short and semiappressed, some longer, more
erect hairs present laterally on tergites, es-

pecially first two. Male terminalia (Figs. 1,

2) with gonocoxites slightly longer than wide,

hypandrium completely fused, posterior

portion of ventral bridge slightly produced,

grooved medially, slightly bilobed; gonosty-
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Figs. 1-3. Terminalia of Cyphomyia whiteheadi. 1, Male genital capsule, dorsal view. 2, Male epandrium

and eleventh abdominal segment, dorsal view. 3, Female tenth abdominal segment, ventral view. Abbreviations:

/ furca; pip, posterolateral process of furca; WAT, tenth abdominal tergite.

lus more or less triangular in dorsal view,

tapered apically, interior face with subapical

lobe; aedeagal complex complicatedly fused

to gonocoxites, aedeagus trifid, laterally

flanked by slender, lobe-like processes on

gonocoxites; epandrium (Fig. 2) simple,

quadrate; eleventh tergite simple, cercus

short, widened apically. Length 9.6 to 10.9

mm.
Female: Differs from male as follows:
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Head with eye smaller, thus upper frons de-

veloped, narrow, nearly parallel-sided, 0.14

width of head, sparsely pilose with short

black hairs; posterior ocular orbit slightly

wider, pilosity completely dark; antenna

similar to male, 1.75 times length of head.

Thorax as in male, but scutum without lon-

ger erect hairs. Abdomen with dull black

area present only on first two tergites; lateral

hairs on abdomen shorter than in male. Fe-

male terminalia (Fig. 3) with median ap-

erture of furca large, egg-shaped with pos-

terior end larger; posteromedial margin of

posterior bridge shallowly emarginate; pos-

terolateral processes apparently very short

and rounded, but possibly represented in

part by elongate, narrow sclerite on each

side that is not connected but closely ap-

proximate to posterior bridge; anterior mar-

gin strongly tapered anteriorly, ending in

short, slender process; spermathecal ducts

entirely membranous; cercus two-segment-

ed, first segment slightly expanded apically,

second subcylindrical, the two subequal in

length. Length, 8.1 mm.
Material examined. — Holotype S (see

above for data). Allotype 9, 2 <5 paratypes,

COSTA RICA, COCOS ISLAND: no fur-

ther locality, 21 March 1980, Sherry-Wer-

ner (LACM, USNM). Additional paratypes:

1 (5, summit of Cerro Iglesias, 2 1 March

1980, T. K. Werner, T. Sherry (LACM); 2

5, Cerro Iglesias, 21 March 1980, Malaise

trap, T. K. Werner, T. W. Sherry (LACM,
USNM).

Despite differences in labels, as all spec-

imens except the holotype were collected on

the same day, it seems likely that they are

all from the Cerro Iglesias locality.

Remarks.—James (1973) Hsts 72 species

ofCyphomyia that he considered valid from

the Neotropical Region. A few ofthese reach

the southern United States, but none are

unique to the Nearctic. In various recent

catalogs, 1 2 species are assigned to Cypho-

myia from Old World localities. From ma-
terial I have seen it appears that the Pa-

laearctic. Oriental, and Oceanian species are

correctly assigned. However, I very much
doubt that Cyphomyia pubiventris Rondani

from South Africa is properly placed. I have

not seen any specimens that come close to

Cyphomyia in the substantial amount ofAf-

rotropical material I have examined, and

have not been able to locate the type ma-
terial, if it still exists. The genus has not

been revised, and the summary by James

( 1 940) is badly outdated, and was superficial

to start with. Most of the types in European

collections have not been critically exam-

ined.

As mentioned in the diagnosis, C. white-

headi belongs in a large group of species in

which the females have a dark, blue-black

body, dark brown wings, and a contrastingly

bright yellow head with strongly developed

postocular orbits. Males of most of these

species have similar body coloration except

that the head is also dark, and the postocular

orbits are not developed. A small subset of

this species group, however, has males that

also have a yellow head, usually with strong-

ly developed postocular orbits. This ap-

parently involves some sort of mimicry

complex, as three separate genera of

Pachygastrinae (Hypselophrum Kertesz,

Platylobium Lindner, and Pseudocypho-

myia Kertesz) have evolved a convergent

color pattern and structural similarity to fe-

males of Cyphomyia. The head in these gen-

era is very similar, being bright yellow with

very strong postocular orbits. In Pseudo-

cyphomyia, the anterior portion of the

mesonotum has dense appressed golden pi-

losity also found in some species of Cypho-

myia, such as C. andwgyna Osten Sacken.

Presumably, the selection pressures in-

volved in this mimicry have led to devel-

opment of female characteristics in males

of a few species oi Cyphomyia, although the

parameters of the mimicry complex remain

unknown. It is interesting to note that in C.

whiteheadi the coloration of the head is not

as bright as in most mainland species in this

complex, and the postocular orbits are not

nearly as strongly developed, hence the head
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as conspicuous as in most members of the

complex. In a purely speculative vein, it is

possible that the Cocos Island species be-

came isolated prior to full evolution of the

mimicry complex, and in the absence ofad-

ditional selection pressure failed to evolve

the more conspicuous head.

The male genitalia of C whiteheadi are

very similar to those of C. androgyna, and

also to those ofC aurijlamma Wiedemann
as illustrated by lide (1963: 35). Differences

are mainly in the shape of the gonostyli and

the short, dorsal process of the gonocoxites

dorsal to the gonostyli. lide has separated

the aedeagal complex from the gonocoxites

in his illustrations. He shows the gonocoxal

apodemes loosely connected in Fig. 33; the

larger lobes shown dorsally in Fig. 341 would

consider to be processes of the gonocoxites.

The female ninth abdominal segment of

C. whiteheadi (Fig. 3) has the tergite dis-

placed posteriorly, and membranous me-
dially. The ventral surface of this portion

of the segment is entirely membranous, ex-

cept for narrow lateral sclerites that may be

part of the posterolateral processes of the

posterior bridge ofthe furca. In ventral view,

as Fig. 3 is drawn, they are actually quite

difficult to see, as the sclerotized portions

of the tergite conceal them. They are best

detected in a ventrolateral view.

The name of this species is dedicated to

the memory of Don Whitehead, who de-

lighted in biogeography and problems in

mimicry as they related to species recog-

nition.

um of Los Angeles for making the Cocos

Island material available for study. Dr. Scott

Miller of the Bishop Museum also helped

in this regard, and offered helpful comments
concerning the island itself. Dr. Jeffrey

Gumming of the Biosystematics Research

Centre, Ottawa kindly loaned the holotype

of Merosargus penai for study. Dr. Paul H.

Amaud, Jr. likewise made the holotype of

Merosargus insularis available from the

collections of the California Academy of

Sciences. Drs. Wayne Mathis, Neal Even-

huis, R. J. Gagne, and A. S. Menke kindly

reviewed the manuscript.
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LEPYRONIA COLEOPTRATA (HOMOPTERA: CERCOPIDAE), AN
IMMIGRANT SPITTLEBUG IN NORTH AMERICA:

DISTRIBUTION, SEASONAL HISTORY, AND HOST PLANTS
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sylvania 17110.

Abstract.—Lepyronia coleoptrata, an Old World cercopid established in New York,

Ontario, Pennsylvania, Quebec, and Vermont, is reported from 1 5 additional counties in

Pennsylvania; records from the southern half of the state (some almost to Maryland state

line) are documented as recent range extensions. New Hampshire is given as a new state

record. Seasonality of a roadside population in central Pennsylvania was followed during

1988-1990. Overwintered eggs hatched in late April; adults appeared by early June and

were present until late July (mid- to late August in more northern locations and at higher

elevations). The seasonal occurrence is contrasted with that of two other univoltine cer-

copids: the native L. quadrangularis (Say) and the apparently immigrant Philaenus spu-

marius (L.). Lepyronia coleoptrata is a generalist that develops mainly on Eurasian weeds.

Principal hosts at the study site were Canada thistle, Cirsium arvense (L.) Scop., and

crownvetch, Coronilla varia L. A list of 25 hosts observed in Pennsylvania is included.

Key Words: Insecta, immigrant species, crownvetch, Canada thistle

Lepyronia coleoptrata (L.) is a widespread

Palearctic spittlebug indigenous to most of

Europe (absent from Great Britain [Ossian-

nilsson 1981]), northern Africa, and much
of Asia, including the USSR, China, Korea,

and Japan. Although recorded from North

America (without specific records) by sev-

eral early European workers and sometimes

said to have a circumpolar distribution

(Russell 1 962, Hoebeke and Hamilton 1983

and references therein), this species appears

to be a relatively recent addition to the Ne-

arctic fauna. Doering (1930) did not have

New World specimens when she reviewed

the North American species of Lepyronia,

and all early references to its presence in the

New World remain unconfirmed.

Russell (1962), on the basis of specimens

collected in 1955 and 1961, gave the first

verified New World records: nine counties

in eastern New York. Hoebeke and Ham-
ilton (1983) reported L. coleoptrata from

Ontario, Pennsylvania, Quebec, and Ver-

mont; additional New York records, in-

cluding one from Cold Brook (Herkimer Co.)

in 1940, were given. They also provided

characters, including male genitalia, to dis-

tinguish this adventive cercopid from na-

tive species. In southern Canada and the

northeastern United States, L. coleoptrata

most closely resembles the common L.

quadrangularis (Say). From that native spe-

cies, L. coleoptrata may be recognized by

having the anterior of the head broadly

curved (rather than pointed at apex); by the

strongly inflated frons or sucking pump,

which is readily apparent in lateral aspect

(see Hoebeke and Hamilton 1983: Figs. 4-

5); and by the distinctly convex forewings.

Hamilton (1982) said that this species (and
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Other immigrant spittlebugs known in Can-

ada) is found within a Hmited radius of its

presumed point of introduction and is

"slowly spreading northward." Populations

also are spreading southward. Herein, I doc-

ument its recent spread in Pennsylvania.

Because data on host plants and seasonality

have been nearly limited to those available

in the European literature, populations in

central Pennsylvania were studied during

1988-1990. Information thus obtained on

seasonal history and hosts of L. coleoptrata

is given.

This paper is dedicated to the memory of

Donald R. Whitehead, a valued friend and

colleague. Insects adventive in the New
World fauna were among Don's many en-

tomological interests, and we co-authored

two papers on this subject (Wheeler and

Whitehead 1985, Whitehead and Wheeler

1990). He brought characteristic incisive-

ness to bear on conceptual issues in bioge-

ography and to analyze the status— adven-

tive vs. indigenous—of certain New World
insects.

Methods

To help determine the current distribu-

tion ofL. coleoptrata in Pennsylvania, road-

side vegetation was swept with a standard

insect net. Collections of adults (and obser-

vations of nymphs) were made in many ar-

eas of the state, and voucher specimens are

deposited in the insect collections ofCornell

University (CUIC) and the Pennsylvania

Department of Agriculture (PDA).

The host range of this cercopid was as-

sessed by looking for spittle masses, mainly

on roadside plants but also on plants grow-

ing in various ruderal habitats. Late instars

removed from spittle could be recognized

as L. coleoptrata from the brief description

in Hoebeke and Hamilton (1983) and Os-

siannilsson's (1981) illustration and de-

scription of the last instar. The character-

istic black markings on the head and thorax

distinguish late instars ofL. coleoptrata from

those of the meadow spittlebug, Philaenus

spumarius (L.), and the less frequently en-

countered L. quadrangularis.

Seasonal history ofa large population was
followed in Lebanon Co., Pennsylvania,

along interstate highway 81 (east side of the

northbound lanes); the site, near milemarker

94, is in Swatara Township, 4 km south of

the Schuylkill Co. line, elevation about 185

m. This site was chosen because of the den-

sity of L. coleoptrata populations and be-

cause the meadow spittlebug, so abundant

along the highway less than a kilometer

away, was present only in low numbers.

Collections and observations were made
periodically in June 1988, and weekly col-

lections (number of individuals not stan-

dardized), from late May to mid-June 1989.

In 1990, standardized collections were taken

weekly from late April (when spittle masses

were first observed) until late June (when

adults predominated), and supplemental

observations, in early June to determine the

appearance of adults. On each sample date,

20 nymphs were collected from crownvetch

(Coronilla varia L.), one ofthe principal host

plants, and preserved in 70% ethanol. Often

20 nymphs could be collected from a single

plant, but generally only 1-3 were taken from

one host individual. Measurement of head

capsule widths in the laboratory and use of

Dyar's law indicated 5 nymphal instars, typ-

ical of cercopids (Hamilton 1982). Once
adults were detected, the relative propor-

tion of late instars to adults was estimated

in the field (no counts of adults were made).

Results

Distribution. — Hoebeke and Hamilton

(1983) gave records of L. coleoptrata from

1 counties in northern Pennsylvania, based

on specimens I collected and several that

resulted from the USDA-APHIS "High

Hazard Pest Survey" program. The follow-

ing records are available for 15 additional

Pennsylvania counties (AGW collector), in-

cluding those from southern Lancaster

County near the Maryland state line (Fig.

1): Centre Co., Scotia Barrens, 25 June and
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Fig. 1 . Known distribution of L. coleoptrata in Pennsylvania; dots = new records, circles = records from

Hoebeke and Hamilton (1983), and plus in circle = main study site. North American map (Pennsylvania

darkened) shows site of first New World collection (Herkimer Co., New York, at arrow).

20 Aug. 1988; Clinton Co., Rt. 880 N. of

Carroll, 22 June 1988; Dauphin Co., Rt.

283, Londonderry Township E. of Middle-

town, 28 June 1988; Lancaster Co., Smith-

ville and Willow Street, 1 5 June 1988; Leb-

anon Co., Rt. 81, 2.6 mi. (4 km) S. of

Schuylkill Co. line, Apr.-July 1988-1990

(main study site); Lycoming Co., Rt. 180

nr. June. Rt. 54 near Muncy and Rt. 180

near Faxon, 22 July 1988; McKean Co., East

Smethport, 16 Aug. \9%%\ Montour Co., Rt.

54 S. of Washingtonville, 22 July 1988;

Northumberland Co., Rt. 80 NE. of Wat-
sontown, 22 July 1988; Pike Co., Rt. 84 nr.

June. Rt. 390 near Promised Land State

Park, 15 July 1989; Potter Co., E. ofSweden
Valley, 16 Aug. 1988; Schuylkill Co., Rt. 81

S. of Frackville, 24 June 1987 and near Mc-
Adoo, 14 June 1988; Tioga Co., Mansfield,

16 Aug. 1988; Union Co., Rt. 80 at exit 29

nr. Lick Run, and West Milton, 22 July

1988; Warren Co., Russell, 12 June 1986.

A new state record for L. coleoptrata is

NEW HAMPSHIRE: Grafton Co., Leba-

non, 26 June 1990, AGW.
Host plants.— Table 1 lists the species on

which nymphs of L. coleoptrata were ob-

served in Pennsylvania. Plants at the main

study site that were most often used as hosts

and supported the largest populations were

crownvetch and Canada thistle, Cirsium ar-

vense (L.) Scop. Spittle masses containing

late instars were particularly noticeable on

stems of Canada thistle. Some terminals
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Table 1 . Hosts of Lepyronia coleoptrata in Pennsylvania.

Plant S[)L-i.ifS Common Name

Asclepiadaceae

Asclepias syriaca L.

Asteraceae

*Achillea millefolium L.

*Centaurea maculosa Lam.

^Chrysanthemum leucanthemum L.

*Cirsium arvense (L.) Scop.

*C. vulgare (Savi) Tenore

Conyza canadensis (L.) Cronq.

Erigeron philadelphicus L.

Eupatohum perfoliatum L.

*Hieracium pratense Tausch

Solidago sp.

Brassicaceae

*Barbarea vulgaris R. Brown
*Brassica nigra (L.) W. Koch
*Lepidium campestre (L.) R. Brown

Caryophyllaceae

*Cerastium vulgatum L.

*Silene alba (P. Mill.) Krause

Fabaceae

*Coronilla varia L.

*Medicago lupulina L.

Hypericaceae

*Hypericum perforatum L.

Onagraceae

Oenothera biennis L.

Polygonaceae

*Rumex crispus L.

Ranunculaceae

Clematis virginiana L.

Rubiaceae

*Galium aparine L.

Salicaceae

Populus sp. (sprouts)

Scrophulariaceae

*Verbascum thapsus L.

common milkweed

yarrow

spotted knapweed

oxeye daisy

Canada thistle

bull thistle

horseweed

daisy fleabane

boneset

yellow hawkweed
goldenrod

yellow rocket

black mustard

field pepperweed

mouse-ear chickweed

white campion

crownvetch

black medic

common St. John'swort

common evening-primrose

curly dock

virgin's bower

cleavers, catchweed bedstraw

aspen

mullein

* Eurasian species naturalized in the North American flora.

harbored 4-5 large spittle masses, each with

3-5 nymphs. Spotted knapweed, Centaurea

maculosa Lam., was absent from roadside

vegetation at the study site but was a com-
mon host in other areas. Even after adults

emerged from spittle masses, exuviae some-
times could be seen attached to terminal

stems of heavily infested plants. The cast

skins retain the characteristic black (or at

least dark) markings on the head and thorax.

As already noted, only small populations

of the meadow spittlebug were present at

the main study site. Canada thistle some-

times supported spittle masses of both cer-

copid species, but meadow spittlebugs were

never observed on crownvetch during 1988-

1990. They also were not associated with

this plant in other areas of the state, even

when heavily infested herbaceous hosts were

growing in crownvetch colonies. In a state-

wide survey of crownvetch arthropods, the

polyphagous meadow spittlebug was among
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known legume feeders conspicuously absent

from the fauna associated with this plant

(Wheeler 1974).

Many ofthe hosts listed for L. coleoptrata

in Table 1 are known hosts of the meadow
spittlebug (Weaver and King 1954). At sev-

eral sites in Pennsylvania, their host ranges

not only overlapped on Canada thistle but

on other naturalized Eurasian composites:

Achillea millefolium L., Centaurea macu-

losa. Chrysanthemum leucanthemum L., and

Cirsium vulgare (Savi) Tenore. The spittle

masses of these species occasionally were

present on the same stems. In addition, the

native cercopid L. quadrangularis was com-

mon on Centaurea maculosa at several sites

from which L. coleoptrata was absent.

Seasonal history and habits. —Even
though L. coleoptrata is said to overwinter

in the egg or nymphal stage in Europe (see

Ossiannilsson 1981), only eggs appear to

overwinter in Pennsylvania. At the main

study site, first instars were observed in late

April (Fig. 2), usually occurring near ground

level on stems ofcrownvetch or other herbs,

or on the basal rosettes of mullein, Verbas-

cum thapsus L. Such sites would have had

low air movement and offered protection

from desiccation to the newly hatched

nymphs before they began to feed and se-

crete spittle. Five or more first instars often

were present within a spittle mass.

In 1990, second instars predominated in

early May and third instars in mid-May; by

30 May the population at the study area was

made up of about equal numbers of third,

fourth, and fifth instars (Fig. 2). In early

June the population consisted mainly of fifth

instars. On crownvetch stems spittle masses

were still more common near ground level,

but some were found in leaf axils on stems

near the top of plants. On Canada thistle

they frequently were abundant on terminal

stems.

No adults were seen on 5 June, but two

days later a teneral adult was observed. The
first appearance of adults in 1990 agreed

with 1988 and 1989 observations made at

the study site; on June 8 ofboth years, tener-

al adults were swept from vegetation or were

observed in spittle masses on their hosts.

The population still consisted mainly of fifth

instars on 12 June, but adults appeared to

outnumber nymphs a week later, although

actual counts were not made. At a nearby

site, a mating pair was observed in late June.

At the sample area, adults of this univoltine

species were present until late July. In

northern areas of Pennsylvania and at high-

er elevations, adults were collected until

mid- to late August.

Seasonality of L. coleoptrata in central

Pennsylvania, based on presence of late in-

stars and appearance of adults, was similar

to that of the univoltine Philaenus spumar-

ius. In some areas, however, meadow spit-

tlebug adults were already present when only

last instars of L. coleoptrata were found.

Longevity in P. spumarius is greater than in

L. coleoptrata, adults persisting into Sep-

tember and October. Seasonal history of L.

quadrangularis, another univoltine species

but one whose adults overwinter (Doering

1922, Garman 1923), lagged considerably

behind that of L. coleoptrata or P. spuma-

rius. Last instars or teneral adults were pres-

ent along roadsides in late July, or about the

time adults of L. coleoptrata die.

No natural enemies of L. coleoptrata

nymphs were observed. In 1989 and 1990

the drosophilid Scaptomyza pallida (Zet-

terstedt) was associated with spittle masses

on stems ofCanada thistle and crownvetch.

Eggs were found under spittle in early June

(1989) and larvae in late June (1990). Un-

like cercopid-associated members of the

drosophilid genus Cladochaeta, which are

believed to be parasites ofthe nymphs rath-

er than inquilines in the froth (D. Grimaldi,

pers. comm.), the Scaptomyza larvae were

observed only in spittle. They may have fed

on microorganisms present in spittle or en-

trapped dead insects, or possibly on decay-

ing stem tissue near spittle masses.
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Stage
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be SO well established that determining their

biogeographic status is impossible. Avail-

able evidence may suggest they are actually

native in the North American fauna.

Lepyronia coleoptrata, whose presence in

North America was verified more than 20

years after the first specimen was collected,

had not undergone rapid dispersal. It rep-

resents a clear-cut immigrant, fitting nearly

all tests of such status (Lindroth 1957,

Whitehead and Wheeler 1990). Present in

New York since at least 1940, this cercopid

appears only recently to have spread into

Pennsylvania. Crownvetch, as already not-

ed, is now one of its principal host plants

in the state. No spittlebugs, however, were

found on this plant during statewide surveys

of its fauna in the early 1970s (Wheeler

1974). Included in that study were roadside

plantings now infested with L. coleoptrata.

When E. R. Hoebeke called my attention

to this spittlebug in the early 1980s, it al-

ready was established along several major

highways in northern Pennsylvania (Hoe-

beke and Hamilton 1983). It is now present

in the southern half of the state, including

Lancaster Co. near the Maryland line.

Crownvetch has been planted extensively

along Pennsylvania highways for erosion

control and slope stabilization (Wheeler

1974). Roadside plantings may have served

as corridors facilitating the cercopid's

southward spread in the state. An absence

of records from the southwestern counties

may simply reflect inadequate sampling, or

the Alleghenies may somewhat hinder dis-

persal to that region.

The much inflated sucking pump and per-

haps the frequent habit of feeding low on

host stems, even in later instars, suggest that

L. coleoptrata specializes on xylem; most

well-studied cercopids have proved to be

xylem feeders (Tonkyn and Whitcomb 1 987

and references therein). As they noted, spe-

cies of such habit are characterized by an

enlarged postclypeal region that supports the

cibarial muscles needed to suck nutrient-

poor xylem sap. They pointed out that cost

in energy is greater at sites higher on the

plant because of increased xylem tension

and decreased nutrient levels. Although tis-

sue specific, xylem feeders tend to be host

generalists (Tonkyn and Whitcomb 1987).

Indeed, this cercopid appears to be an

opportunist that includes numerous herbs

in its host range. Not surprisingly, many are

Eurasian weeds naturalized in the New
World flora.

Lepyronia coleoptrata not only can be

added to the faunal associates of crown-

vetch but also of Canada thistle, a noxious

weed in Pennsylvania (Hill 1983) and one

that has been the target of biological control

efforts (e.g. Peschken 1981). Even though

the high densities that sometimes occur on

Canada thistle produced no obvious effects,

feeding at least contributes to overall plant

stress resulting from herbivore attack.

Crownvetch, which has some use in

Pennsylvania as a forage for ruminant an-

imals (Wheeler 1974), is the only crop plant

that now serves as a host of L. coleoptrata

(its populations, however, are confined to

highway plantings). Attacks on crownvetch,

like those on Canada thistle, do not result

in noticeable injury. Yet the economic im-

portance of this immigrant should not be

dismissed. Some of the effects of feeding by

the pestiferous meadow spittlebug (Mathur

and Pienkowski 1967, Parman and Wilson

1982), such as loss of nutrients, could easily

be overlooked. Some growth disorders the

meadow spittlebug and other cercopids

cause could be attributed to various factors

or, if suspected to be spittlebug induced,

would be demonstrable only through careful

investigation.

Lepyronia coleoptrata may remain al-

most restricted to weeds growing along

highways or in ruderal sites. But perhaps its

use ofcrownvetch may become increasingly

important as a means of avoiding possible

competition with the ubiquitous meadow
spittlebug. Because the polyphagous L. co-

leoptrata has been reported from alfalfa and

cotton in Europe (see Hoebeke and Ham-
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ilton 1983), it poses at least a potential ag-

ricultural threat, even if crop damage is un-

known in its native environment. Continued

monitoring of its spread and host use in

North America seems desirable.
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Abstract. —Hordes ofbrood X ofthe 1 7-year periodical cicadas {Magicicada spp.) emerged

on schedule in 1987 in Silver Spring, Maryland. Nymphs emerged from burrows in the

ground from late April through early May, crawled up trees and other accessible objects

and molted in one to several hours. Adults soon attracted attention, the males with their

courting songs and both sexes with erratic flight. Females made punctures in twigs, de-

posited an average of 1 6 firm, white eggs in pockets (egg nests) in the punctures and died

by 1 July. Eggs hatched in four to six weeks or collapsed, and nymphs fell to the ground

to burrow in it or died in the nests. Hatched eggs did not change color or appear perceptibly

different from July 1987 to November 1990; collapsed eggs and dead nymphs became

brown. Between August and November 1987 many twigs broke at punctures and dropped

to the ground; many others remained on the trees, continued to grow and partially or

completely enclosed punctures by November 1990.

Key Words: Cicadidae, Magicicada, punctures, eggs, nymphs

Brood X of the periodical cicadas {Magi-

cicada septendecim (L.), M. cassini (Fisher)

and M. septendecula Moore and Alexander)

emerged from burrows in the ground in 1 987

exactly on schedule, just as they have done

every 17 years since 1715 (Marlatt 1907,

Dybas 1970). The thought of insects living

in the ground for 1 7 years and then emerg-

ing at a designated time seemed improbable

and remarkable to many people. The ap-

pearance of hordes of cicadas pleased en-

tomologists and other nature lovers and

alarmed horticulturists and others who an-

ticipated severe injury to trees and shrubs

from punctures made by egg-laying females.

The insects themselves, the loud, recurring,

mating songs of the males and erratic flights

of both sexes annoyed many people. The
cicadas and their behavior attracted a great

deal of attention on television, radio and in

the press. As in the past, they were discussed

as food for birds, squirrels, other predators

and humans. Fitch (1855) reported that ci-

cadas, when roasted and well browned, were

a favorite food of North American Indians.

In 1987 cicada dishes were found to be of

excellent quality when properly prepared.

Materials and Methods

Our observations were made from early

April 1987 through October 1990 in a

wooded suburban area of 0.25 ha in Silver

Spring, Montgomery County, Maryland. Egg

nests, a term used by Marlatt (1907), Snod-

grass (1921), Lloyd and White (1976) to de-

note the pocket or repository of eggs in

punctures or slits made by female cicadas,

were examined three to five times a week

from mid-May through August 1987; there-

after they were examined three to five times

a month, except from December to March,

through October 1990. Well over 3500 egg
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Fig. 1 . Adult periodical cicada.

Fig. 2. Nymphal skin of periodical cicada.

nests were inspected. We attempted to ob-

tain new, or confirm old information on pe-

riodical cicadas, particularly on hatched and
unhatched eggs, egg nests and first-instar

nymphs. As Snodgrass (1921) stated, ".
. .

there is still plenty to be learned from them
each time they make their visit to this part

of the world."

Earlier observations on brood X in Mary-
land were made by Snodgrass (1921), Cory
and Knight (1937), Andrews (1937, 1955)

and Ezzat (1957).

Results and Discussion

In early April 1987, muddy structures

known as chimneys, turrets, cones, huts or

other names, began to rise 2-3 cm above

the earth in litter under trees. The construc-

tion ofchimneys in Maryland was well doc-

umented by Cory and Knight (1937) and

Andrews (1955). At first the chimneys were

closed but in late April openings appeared,

usually at the top. At the same time holes

approximately 12-14 mm in diameter ap-

peared in lawns and other areas away from
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Fig. 3. Slit or puncture in twigs made by female periodical cicada.

Fig. 4. Two periodical cicada egg nests in slit.

trees and forest litter but within range of

tree roots. Chimneys and holes were either

almost contiguous or scattered. Just after

sunset during late April and early May,
nymphs, which had spent 17 years under-

ground, emerged from chimneys and holes

and crawled up trees, shrubs, posts and oth-

er accessible objects. An hour or so after

nymphs attained a satisfactory position and

were firmly attached, molting began, a pro-

cess that required one to several hours. The
cuticle split along the midline of the upper

surface of the thorax and the adults (Fig. 1)

emerged from the nymphal skin (Fig. 2)
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Fig. 5. One periodical cicada egg nest in slit.

Fig. 6. Eggs of periodical cicada.

some of which clung to objects over the

1987-1988 winter months.

Adults. —Upon emergence from the

nymphal skins, the adults were moist and

cream colored with bright red eyes; but they

soon dried and darkened; and, after their

wings had expanded, they started to fly. The

males began their loud courting songs and

soon afterward mated. Adults were first seen

10 May 1987, increased in numbers until

1 5 June, and then declined until 1 July when

the last living ones were observed in 1987.

On 28 May 1988, however, a female cicada

ascended the trunk of an oak tree and on

31 May 1988 a cast nymphal skin, possibly

of this female, was attached to the leaf of a

nearby rhododendron. Both, presumed to

be stragglers of brood X of the periodical
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Fig. 7. Embryo of periodical cicada inside egg.

Fig. 8. Periodical cicada embryo emerging from eggs and shedding embryonic membrane.

cicadas of 1987, were the only ones seen in

1988.

Females, using their strong, toothed ovi-

positors, sawed punctures, or slits, in twigs

4-10 mm in diameter; most slits were in

the outer wood but rarely one reached the

pith. Slits (Fig. 3) 6-12 mm long usually

were in the lower, but a few were in the

upper surface of twigs; they were length-

wise, end to end, far apart or so close lat-

erally that slits encircled the twigs. First ob-

served 20 May 1987, punctures increased

in number in proportion to adults, weak-

ened twigs and caused drooping, often called

flagging, and sometimes complete breakage.

Of the plants examined, punctures were
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Fig. 9. Periodical cicada nymph mounted on slide.

Fig. 10. Periodical cicada nymphs in rain gutter.
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most numerous in flowering crab apple

{Mains angustifolia (Ait.) Michx.), wild

cherry {Prunus serotina J. F. Ehrh.), Amer-
ican beech (Fagus grandifolia J. F. Ehrh.),

hickory {Carya glabra Mill.), white, pin, and

red oak (Quercus alba L., Q. palustris

Muenchh., and Q. rubra L.); they were much
less numerous in dogwood {Cornus florida

L.), maple {Acer sp.), forsythia {Forsythia

suspensa (Thunb.) Vahl), American holly

{Ilex opaca Ait.), imported holly {Ilex sp.),

mountain laurel {Kalmia latifolia L.), azalea

and rhododendron {Rhododendron spp.) and

weigela ( Weigela sp.). Punctures were scarce

in American holly trees but were fairly nu-

merous in suckers of an imported holly.

Flagging was not observed in azaleas, for-

sythias, hollies, mountain laurel, rhododen-

drons, or weigelas.

Egg nests. —Egg nests (Fig. 4) 4-10 mm
long were at a slight angle to the grain of

the wood. Usually there were two nests (Fig.

4) but sometimes only one (Fig. 5) in a slit.

Snodgrass (1921), Ezzat (1957) and Krom-
bein and Krombein (1971) implied that

there were always two.

Eggs. —Eggs were deposited in a double

row, usually of 10-26 with an average of 1 6,

but their number varied from four, found

once in maple, to 30 found once in flowering

crab apple. Viable-appearing eggs were

present in most plants 20 May to 5 August

but were observed, in mountain laurel only,

20 August. By 24 July most, and by 5 Au-

gust virtually all, eggs had hatched or col-

lapsed in flagged and unflagged twigs. The
incubation period of eggs was not deter-

mined exactly, but it ranged from at least

four, to six weeks.

Viable eggs (Fig. 6) were white and firm

and could be rolled on a glass surface or

brushed by hand without apparent injury.

They were approximately 2 mm long and

0.5 mm in diameter, a slight variation in

size may have indicated that they were laid

by more than one species of 17-year peri-

odical cicadas {M. septendecim, M. cassini

or M. septendecula) or that some were en-

larged by the absorption of water. Marlatt

(1907) stated that cicada eggs ".
. . receive

a certain nourishment from the plant and

actually increase in size before hatching, by

absorption of the juices from adjacent plant

cells." White and Lloyd (1981) indicated

that water was absorbed by cicada eggs and

that they increased in size, but stated further

".
. . there is no direct evidence for the ab-

sorption of nutrients in addition to water."

Hatched eggs retained their original color

during our entire study. Thousands of eggs

did not hatch, however, and they became
pale brown over the winter and spring of

1987-1988; by August 1988 they were dark

brown and desiccated but they had not dis-

integrated; they remained in this condition

through October 1990. Collapsed eggs did

not exhibit shades of yellow or red as did

those observed by White and Lloyd (1981).

Embryos and first-instar nymphs.— Red
eye spots appeared within eggs a week or

two before they hatched, and embryos (Fig.

7) became visible two to three hours before

the egg shells started to break; the embryos

wiggled forward out of the shells in one to

two minutes and shed an enclosing (amni-

otic) membrane (Fig. 8) as they emerged.

Nymphs (Fig. 9) that escaped from the nests

were white with red eyes and reddish fore-

legs that were greatly enlarged and modified

for burrowing in the soil, an activity well

documented by Snodgrass (1921) and An-

drews (1937). Many nymphs died in the egg

nests and their color was similar to that of

collapsed eggs, changing from light to dark

brown and becoming desiccated but not dis-

integrated by October 1990.

Astonishing numbers of first-instar

nymphs and adults were present in rain gut-

ters on a house overhung by beech and oak

trees. By 26 June 1987 the gutters resembled

a cicada mortuary with numerous dead and

decaying adults and nymphs emitting an of-

fensive odor. By 14 July the gutters con-

tained such a quantity of living and dead

first-instar nymphs (Fig. 10) that they could

be taken up in large spoonfuls. The living
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nymphs moved so rapidly that it was dif-

ficuh to seize them with forceps.

Regarding periodical cicadas, Marlatt

(1907) stated, ".
. . the young ant like larva,

hatching from the egg a few weeks after the

latter has been laid, escapes from the

wounded limb, falls lightly to the ground,

and quickly burrows out of sight . .
."

One objective of our investigation was to

determine whether eggs hatched after, as well

as before, twigs dropped to the ground. We
assumed that if eggs reached the point of

eclosion, they could hatch in fallen twigs,

particularly in those that had remained on

the trees for a longer time. We did not find

hatching eggs in fallen twigs, but in the lab-

oratory, eggs hatched in twigs that had been

cut from trees and shrubs. Thus it appeared

that, if the eggs were viable and had com-
pleted the incubation period, they would
hatch in twigs on the ground. Because com-
paratively few twigs fell from punctured ar-

eas before August or September 1987, in-

cubation of the eggs would have been

complete and hatching would have occurred

on the trees. This observation and the enor-

mous numbers of nymphs found in the rain

gutters were evidence that virtually all eggs

that hatched did so while twigs were on the

trees.

Damage. —Trees and shrubs had grown
well beyond punctures made in 1987 by the

summer of 1989, and in late June numerous
twigs fell to the ground during two severe

storms when winds attained 70-90 miles

per hour. Examination of hundreds of twigs

revealed that more oak twigs broke at nodes

than at punctures while more beech and wild

cherry twigs broke at punctures. Azalea, for-

sythia, hollies, mountain laurel, rhododen-

dron and weigela, which had not flagged in

1987, did not break during the June 1989

storms. By October 1990 new growth ex-

tended 30-90 cm beyond the cicada punc-

tures of 1 987 and few twigs that dropped to

the ground broke at punctures.

Healing. —The extent and rate of plant

growth around punctures varied greatly from

1987 to 1990. In azalea and forsythia,

wounds were healed by summer 1988 when
most punctures in oaks, wild cherry and

beech were only partially closed. Healing in

the latter plants varied also, possibly de-

pending on the size oftwigs as was suggested

by Lloyd and White (1976). In 1988, a con-

spicuous brush of wood fibers usually ex-

tended along the punctures and cicada egg

shells often could be detected in the egg nests.

By October 1990, most punctures in oaks,

rhododendrons and weigelas remained well-

defined; and occasionally cicada egg shells

could be seen in egg nests. In beech, wild

cherry and dogwood, however, most punc-

tures were entirely closed and none, or a few

very short wood fibers remained. Regard-

less of the extent of healing, visible scars

remained after 42 months.
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Abstract.— Egg nests of brood X of 17-year periodical cicadas (Magicicada spp.) of

1987 were occupied by four orders of Insecta. Species of Pseudococcidae and Eriococ-

cidae (Homoptera) developed from eggs to adults, larvae of two species of Cleridae and
one species ofCoccinellidae (Coleoptera) were found, larvae ofTorymidae and immature
and adult Scelionidae (Hymenoptera) were present, and two species of Gryllidae (Or-

thoptera) deposited eggs in the cicada egg nests. Specimens were identified to family,

genus or species. Mealybugs entered nests where unhatched cicada eggs and dead cicada

nymphs were present; all other species occupied nests containing only cicada egg shells.

Previously none of these insects were known to deposit eggs or to molt in periodical

cicada egg nests.

Key Words: Cicada egg nests, coccoids, beetles, wasps, crickets

This article records the insects and eggs,

other than cicadas themselves and their

eggs, that we found in egg nests of brood
X of 17-year periodical cicadas (Magici-

cada septendecim (L.), M. cassinii (Fisher),

and M. septendecula Alexander and Moore)
of 1987. These observations complete the

study of brood X made by Stoetzel and
Russell (1991).

Materials and Methods

We examined over 3500 egg nests, a term

used by Marlatt (1907), Snodgrass (1921)

and Lloyd and White (1976), for pockets

of eggs in the bottom of punctures or slits

made by female periodical cicadas in twigs.

The egg nests, with one exception, were

from trees and shrubs in a wooded sub-

urban area of 0.25 ha in Silver Spring,

Montgomery County, Maryland; some
nests were in twigs pruned from shrubs less

than 5 m high, while others were in twigs

that dropped from beech and oak trees as-

cending 22-28 m.

Our examination of egg nests began in

mid-May 1987 and continued through Oc-

tober 1990, except for December to March
ofeach year. Inquilines in cicada nests were

first found in mid-June 1987 and addi-

tional species were observed in 1988-1989;

living examples of only Planococcus ja-

ponicus Cox were found in 1990. New in-

formation was obtained on the diversity of

the inhabitants of cicada egg nests and on

the biology and habits of some of them.

Non-cicadan insects in cicada egg nests

were recorded by Andrews (1937) who
mentioned beetles and aphids; by Hopkins

( 1 900) who reported woolly aphids and who
was cited by Smith and Linderman ( 1 974);

and by Simon (1988) who listed scale in-

sects, woolly aphids and unspecified pests.

In our study we identified to family, genus

or species specimens of the Homoptera,

Coleoptera, Hymenoptera and Orthoptera.
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Fig. 1. Filamentous covering of Planococcus japonicus on an azalea leaf.

Fig. 2. Planococcus japonicus in egg nest of periodical cicada.

The accessibility of cicada egg nests to

other insects changed considerably during

42 months. In the spring and eariy summer
of 1987, many egg nests were sufficiently

open to permit entrance by small insects;

thereafter, access depended on the extent

and nature of plant growth around nests.

Some punctures became wider, and nests

remained exposed while others varied in

size and shape, and some were completely

closed, with or without a brush of wood
fibers remaining in the center ofthe wound.
The healing of periodical cicada punctures

was discussed by Lloyd and White (1976),

White and Lloyd (1979), and Stoetzel and
Russell (1991).

Results and Discussion

Homoptera.— Homoptera were the most
numerous inquilines that we found in ci-

cada egg nests. Coccoidea (scale insects) be-

longing to the Pseudococcidae (mealybugs)

and Eriococcidae (eriococcids) were pres-

ent on Ericaceae and Fagaceae, and one

eriococcid was abundant on Ulmaceae.

Planococcusjaponicus Cox ( 1 989), a spe-

cies misidentified by Ezzat and McConnell

( 1956) as Planococcus azaleae (Tinsley) and

easily confused with Crisicoccus azaleae

(Tinsley) of Ferris (1953) and McKenzie

(1967), was abundant in twig crotches and

on the underside ofleaves ofazalea (= Rho-

dodendron sp.) in the spring of 1987.

Mealybugs moved from these locations into

cicada egg nests in mid-June and settled

among the cicada eggs and egg shells. Adult

males and females developed by mid-July

when the females produced a quantity of

loose, white filaments and deposited eggs.

Mealybugs remained in cicada egg nests

during the summer and some moved away

as the punctures closed. The insects and

their white, filamentous coverings (Fig. 1)
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Fig. 3. Eriococcus sp. in egg nest of periodical cicada.

Fig. 4. Ovisac oi Eriococcus sp. in egg nest of periodical cicada.

Fig. 5. Cocoons of Eriococcus sp. in egg nest of periodical cicada.

were present on leaves and twigs of azalea

through October 1990.

Planococcus japonicus was not found on

other azaleas growing near the infested

plant. On 5 June 1989, however, we de-

tected P. japonicus (Fig. 2) in cicada egg

nests in fallen twigs of beech {Fagus gran-

difolia J. F. Ehrh.) and white and pin oaks



VOLUME 93, NUMBER 2 483

Fig. 6. Gossyparia spuria in egg puncture of periodical cicada.

(Quercus alba L. and Q. palustris Muenchh.)

that were 1 0-20 m from the infested azalea.

By 15 June 1989 and into early July, fe-

males had produced a thin covering ofwhite

filaments in which they deposited eggs. On
beech, living adults were not observed after

8 August 1989, but dead ones were found

in the fall of 1990 in cicada punctures that

were not well healed. In November 1989,

dead mealybugs with white filaments and

eggs were present on oaks in egg nests, shal-

low punctures or rarely in the brush ofwood
fibers. Mealybugs were scarce on dropped

twigs of beech and oaks.

An Eriococcus was observed in cicada

egg nests in beech 19 July 1988, 15 July

1989 and in nests in white and pin oaks 30

June 1989. Adult females, immatures,

hatched and unhatched eggs were present

through August of each year.

Newly-molted adult females were pale

cream colored; young adults were pale yel-

low, becoming brownish as they aged. One
to three females (Fig. 3) occupied a nest in

1988, usually at the bottom beneath cicada

egg shells or in deep punctures. In 1989,

after greater plant growth had occurred,

they were in deep or shallow punctures

above egg nests and were found most often

in oaks.

In June and July, specimens had scant,

white, silklike filaments over them and a

little white powdery wax beneath them,

materials that increased and eventually be-

came female ovisacs and male cocoons.

Ovisacs and cocoons were formed 23-30

September 1988 in the laboratory in egg

nests that were collected in August; none

were found out-of-doors at that time, but

both were discovered out-of-doors on 31

June and in October and November 1989.

A few ovisacs found in 1 989 doubtless were

formed in a previous year; some were torn,

crushed, or holey and others contained par-

tially destroyed adult females, a few eggs

and egg shells. Some cocoons were crushed

but none had holes that might have been

made by predators or parasitoids. Some
ovisacs and cocoons had an opening at one

end that suggested an exit for the insect.

Judging by the gradual accumulation of fil-

aments by adult females, it appeared that

they produced the ovisacs, while cocoons

of the males were made by an immature

stage.

Ovisacs (Fig. 4) were white, oval, 2.50-
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Figs. 7, 8. Larvae of two species of Cleridae from egg nests of periodical cicadas.

Fig. 9. Larva of Coccinellidae and egg from which it was removed, from egg nest of periodical cicada.

4 mm long and 1.25-2 mm wide. The out-

side was composed of silklike filaments,

with a little white, fluffy material beneath

the filaments and powdery wax at the bot-

tom. Old ovisacs were harder and smooth-

er than newly formed ones. Cocoons (Fig.

5) were white, oval, 1.25-1.50 mm long

and 0.50-0.75 mm wide, and were similar

in structure to ovisacs except that there was

no fluffy material under the outside fila-
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Fig. 10. Adult of Probaryconus heidemanni from egg nest of periodical cicada.

ments and old ones did not differ from

newly-formed ones.

Most ovisacs and cocoons were incon-

spicuous; in 1988 they were found among
cicada egg shells; but later they were in, or

along, the edge of punctures, in the brush

of wood fibers or beneath pieces of bark.

The only plainly visible ovisac was in a

node in oak. Eriococcids were scarce on
dropped twigs of oak and very scarce on
beech.

Another eriococcid, Gossyparia spuria

(Modeer), the European elm scale (Fig. 6),

was abundant along margins of healed

punctures, clustered in crevices between the

bark and scar tissue; and a few were under

the brush of wood fibers. The species was

collected from Ulmus sp., Bethesda, Mont-
gomery County, Maryland, August 1988,

by T. J. Spilman.

Coleoptera.— Beetles were the least nu-

merous of the secondary occupants of pe-

riodical cicada egg nests. Two larvae (Figs.

7, 8), representing two species of Cleridae,

were collected in June 1988; and a larva

(Fig. 9), collected in July 1988 and prob-

ably belonging to the Coccinellidae, was
removed from an elongate, smooth egg. The

larvae were not feeding on eggs or insects

when discovered.

Hymenoptera.— Inquilines found in egg

nests of periodical cicadas in beech be-

longed to two groups. Two larvae of a To-

rymus (Torymidae, Chalcidoidea) were

collected in September 1988 and 23 May
1989. Adults of Probaryconus heidemanni

(Ashmead) (Scelionidae, Proctotrupoidea)

(Fig. 10) emerged from elongate eggs 31

July 1989. Larvae or pupae were in the eggs

which resembled, and may have been,

cricket eggs.

Orthoptera. —Two species of crickets

(Gryllidae) used egg nests of periodical ci-

cadas as egg hatcheries. Hatched eggs, un-

recognized at the time, were first discov-

ered 14 September 1987; similar eggs

proved to be those of crickets when juve-

niles emerged in 1988.

One cricket egg (Fig. 1 1) virtually filled

a cicada egg nest but occasionally two were

present with one on top of the other; single

eggs usually were enveloped in cicada egg

shells which sloughed off ifdisturbed. After

new growth developed around nests, crick-

et eggs were partially incased in wood; it is

difficult to understand how juveniles could
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Fig. 1 1 . Cricket egg in egg nest of periodical cicada.

Figs. 12, 13. Immature crickets from egg nests of periodical cicada.

escape under these conditions. Cricket eggs

were most numerous in fallen twigs ofbeech

and white and pin oak, but some were in

pruned twigs of dogwood (Cornus flohda

L.) and Rhododendron sp.

The eggs of both cricket species were

cloudy white and very fragile. The eggs of

one species were 4-4.5 mm long and 2 mm
in diameter; when mounted on a glass slide

and examined under a compound micro-
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scope, the head end appeared honey-

combed and the remainder minutely stri-

ated. The smaller cricket eggs were 4-4.5

mm long and 1-1.5 mm in diameter; the

head end also was honey-combed but the

remainder was smooth. Eggs of both types,

some with red eye spots and embryos, were

present 1 May to 21 June 1988 and in

March 1989. Eggs hatched 6-20 June 1988

but no juveniles emerged completely in the

laboratory in 1 989. In both years some eggs

appeared to be sterile and some collapsed.

When juveniles left the eggs, the head end

of the shells was deflected but remained

partially attached. Numerous cricket egg

shells were found in egg nests through No-
vember 1989 and several were present

through October 1990.

Upon hatching, the juveniles (Figs. 12,

13) were soft bodied and easily injured.

They were active immediately and jumped
about vigorously.

Unidentified eggs.— Several unidentified

eggs were present in periodical cicada egg

nests. Some resembled cricket eggs and the

coccinellid egg in shape, while others were

more slender and still others were percep-

tibly shorter. Many appeared to be viable

and exuded fluid when punctured but red

eye spots and embryos did not develop.

They were observed in egg nests in various

trees and shrubs from May to August 1988

and from April through October 1989 and

1990. Eggs found in the fall of 1990 were

embedded in wood. Larvae hatching from

the eggs apparently would have to be chew-

ers in order to survive and eventually es-

cape from the wood.

Conclusion

The presence ofextraneous insects in egg

nests of periodical cicadas demonstrated

the usefulness of cicada egg nests for pur-

poses other than the original one. Because

some egg nests, or punctures, remain par-

tially open for three or more years, it is

possible that they will provide convenient

shelters for insects indefinitely.
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Abstract. —Recently collected material from Ecuador, Peru and Bolivia has been com-

pared with the Colombian holotype. This is all considered to be one species, despite some

variation in marking of the head and thorax. The species is redescribed and the male

genitalia are figured on the basis of these examples.

Key Words: dobsonfly. South America, systematics

In our revision (Penny and Flint 1982) of

the Neotropical genus Chloronia, the one

described species which we were not able to

treat adequately was C. bogotana Weele. At

the time I had seen several females from

Bolivia that were nearly identical in ap-

pearance of the wings, but were different in

marking of the head and thorax. Consid-

ering these differences, the lack ofmales from

Bolivia, and the great distance between the

two collection sites I was unwilling to con-

sider them conspecific. In the intervening

years I have obtained males from Bolivia

and Peru (in the collection of the National

Museum of Natural History [NMNH],
Washington, D.C, USA) and studied an-

other specimen from Ecuador. The unique

holotype of bogotana has again been bor-

rowed and compared with this newly ac-

cumulated material, with the result that now
I am willing to consider this all one species,

but with considerable variation, as dis-

cussed below.

I dedicate this paper to the late Dr. Don-
ald R. Whitehead, of the Systematic Ento-

mology Laboratory, Agricultural Research

Service, United States Department of Ag-

riculture. Don was an individual of broad

interests in the biological and systematic

world of the insects. To the best of my
knowledge he never worked directly with

the Megaloptera, but he did have an interest

in aquatic insects. Some of the first lots of

Trichoptera I received after my arrival at

the National Museum in the early 1960's

were larvae of Trichoptera that Don had

collected in New Jersey, which also was my
first contact with him. His early, untimely

death is a great loss not only personally but

also to Entomology.

Chloronia bogotana Weele

Figs. 1-10

Chloronia bogotana Weele, 1 909: 253; 1910:

33.- Penny & Hint, 1982: 8.

The following new description and diag-

nosis is based on the new material from

Bolivia and Peru (Fig. 1 0); the type was re-

described in the 1982 publication.

This appears to be the sister species to C
gloriosoi Penny & Flint, known from north-

em Panama and central Costa Rica. In ap-

pearance it differs quite strongly from glo-

riosoi in having the infuscations in the

membrane of the forewings broader, but

more diffuse and paler. The marking on the

head is more extensive in bogotana with an
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Figs. 1-3. Chlownia bogotana Weele, male genitalia. 1 , dorsal. 2, ventral. 3, tenth gonostyli and gonocoxites,

ventral.

elongate mark extending posteriad of the

eye to nearly the level of lateral spine, pos-

teriad to which are two more lineate marks,

one above and the other below the lateral

carina (the ventralmost of these marks may
be connected to the anterolateral mark), and
finally with the dark spot on the posterior

part of the head which is usually inserted

under the pronotum. In contrast, gloriosoi

only bears a lineate mark posteriad above
the lateral carina which is continuous with

the posteromost spot under the pronotum.
In addition the latter species bears 4 dark

spots along the anterior margin ofthe meso-

notum which are lacking in bogotana. The
male genitalia of the two species are similar.

The most distinctive differences are in the

ninth gonostyli in gloriosoi which are dis-

tinctly enlarged toward their bases and the

ninth stemites which have a larger postero-

mesal lobe.

Adult.— Length of forewing, S 32-44 mm
(ave. 4 (3, 40.2 mm), 9 38-42 mm (ave. 4 9,

40.0 mm). Color generally pale yellow with

fuscous spots. Head pale yellow with fus-

cous ocellar triangle, compound eyes, labial

and maxillary palpi, mandibles becoming

browner distally; a linear fuscous mark pos-
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Figs. 4-9. Chloronia bogotana Weele, head, pronotum and wings. 4, head and pronotum of holotype, dor-

solateral. 5, same of example from Zamora, Ecuador. 6, same of example from Yungas La Paz, Bolivia. 7,

wings of Bolivian example. 8, same of Ecuadorian example. 9, same of holotype.
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teriad to eye, two smaller linear spots pos-

teriad of lateral spine, one above and other

below lateral carina, a spot near anterior

margin of posterior part which is usually

covered by pronotum. Antenna with basal

20-25 segments pale yellow, apical 15-20

segments fuscous. Pronotum pale yellow, the

2 anterior and 2 posterior, linear, fuscous

spots nearly meeting in middle; mesonotum
without fuscous spots. Forewing pale yellow

with costal crossveins wholly or at ends fus-

cous out to near midlength of wing, all

crossveins fuscous; basal dark spots reduced

to those of crossveins and a single cellular

spot, marking in membrane of cells faint,

diffuse, but comparatively broad. Hindwing
wholly pale yellow except for 2nd r, and

often apical crossveins and veinlets fuscous.

Male genitalia: Ninth tergum almost com-
pletely divided by a deep, V-shaped, exci-

sion; each tergite with 2 patches of short,

spinous setae. Ninth stemite produced into

a posterolateral lobe and smaller postero-

mesal lobe (posterior margin very broad and

usually turned ventrad, then appearing as

in Fig. 2; if the stemite is rotated so as to

twist the posterior face inward, then the pos-

teromesal lobe virtually disappears and the

stemite appears as in Weele 1910: fig. 28).

Tenth tergite long, slightly curved, with a

diffuse, basal patch of enlarged, spinous se-

tae. Ninth gonostylus incurved, of uniform

diameter throughout, with a sharp apical

point. Tenth gonostyli long (5-6 times as

long as broad), clavate, hairy apicomesally,

connected by a bandlike gonocoxite.

Material examined.—COLUMBIA [Dept.

Cundinamarca], Bogota, S holotype (RNH).
ECUADOR, Zamora-Chinchipe Prov., 8

kmNW Zamora, mouth Rio Sabanilla, 1 420

m, 1 Nov 1987,J.Rawhns, etal., 1 probable

9 (CMNH). PERU [Dept. Huanuco], Tingo

Maria, 670 m, Dec 1946, Weyrauch, 1 9

(NMNH); Huallaga River, 50 mi around
Tingo Maria, 500-650 m, 25 Feb-15 Apr
1964, L. Gomez, 1 <5 (RNH). Dept. Cuzco,

Prov. Paucartambo, Puente San Pedro, ca.

50 km NW Pilcopata, 13°09'S:71°26'W,

1 430 m, 2-3 Sep 1 988, 0.S. Flint, Jr. & N.E.

Adams, 1 S (NMNH); same, except 30-3

1

Aug 1989, N.E. Adams et al., 1 S (NMNH).
BOLIVIA [Dept. La Paz], Yungas La Paz,

Rio Mururrata to Suapi, 1400-1600 m, 26-

28 Nov 1984, L. E. Peiia G., 1 S (NMNH);
[Dept. la Paz], Rio Zongo, 750 m, Fasl [sic:

Fassl] Coll., 2 9 [third now lacking abdo-

men] (MCZ).

Variation.—The holotype, which lacks its

abdomen now (J. van Tol, pers. com.) and

in 1982, is rather discolored with the head

and thorax having for the most part the cu-

ticle separated from the underlying tissue,

thus rendering the coloration difficult to dis-

cem. The head now has a black line along

the posterolateral carina connected to a black

spot just in front of the under-pronotum

section (Fig. 4). There are two pairs of spots

laterally on the pronotum, and some inter-

mediate darkening, but whether this rep-

resents four lineate marks or four spots with

discoloration can not be said. The anterior

margin of the mesonotum has four dark-

ened spots, likely four pigment spots and

not just discoloration. The wing coloration

seems like that ofthe southem material (Fig.

9). The genitalia of the type, clearly a male

in the photograph (Weele 1910: pi. II, fig.

10) and the figures (loc. cit., figs. 27, 28),

pass very well for the illustrations here pre-

sented except for the ninth stemites. How-
ever, if the abdomen is still intact and un-

cleared, as in the male example from Bolivia,

the ninth stemites have almost the exact

form shown by Weele's fig. 28; when cleared

and relaxed they "puff-up" and attempts to

flatten them cause distortion and a frequent

shape as shown in Fig. 2.

The specimen from Ecuador, taken near

the eastem foot of the Andes close to the

Pemvian border, offers another set of vari-

ations. There is a single linear black mark
posterolaterally on the head (Fig. 5). This

is narrowly separated from a black spot along

the anterior margin of the under-pronotum

section. Like the other southem examples

there are 4 linear black marks on the pro-
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Fig. 10. DisXrihuiion of Chloronia bogotana\^ee\e.
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notum and no mesonolal spots. The col-

oration of the forewings is basically the same

as in the others, but the infuscations are a

bit more intense and some of the basal ra-

dial cells are nearly filled with this infus-

cation (Fig. 8). Unfortunately this specimen

lost its abdomen in shipment, as did two

others in the same lot, but all three loose

abdomens were female.

All the examples from Peru, including

those from the northern Tingo Maria re-

gion, and Bolivia are in agreement with one

another in terms of marking of the head,

thorax and wings— as described above (Figs.

6, 7). The male from Tingo Maria is badly

discolored, but the apparent head and tho-

racic colors are in agreement. The wings are

rather gray, having lost the usual yellow col-

or, and thus their pattern is totally lost. Un-
fortunately the genitalia have been cleared

to transparency and the sclerites are falling

apart, with the ninth stemites missing. What
can be made out appears to be in general

agreement with the other males.

Lacking fresh, well colored material, in-

cluding males, from Colombia and Ecuador

it is difficult to asses the significance ofthese

variations. Considering the apparent agree-

ment between the original figures ofthe male

genitalia ofthe Colombian type and the new
material, my feeling is that this is one spe-

cies varying somewhat in head and possibly

mesonotal marking over its extensive range

in the Andes.
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Abstract. — The new species described, Onychelmis whiteheadi, and the additional dis-

tribution given for O. longicollis (Sharp) are the first reports of the genus from Colombia.

Onychelmis whiteheadi, n. sp., is similar to and compared to O. longicollis known pre-

viously only from Panama. The distinctive aedeagi of both species are illustrated and

brief notes on the habitat of O. whiteheadi are included.

Key Words: Elmidae, Onychelmis whiteheadi, new species, water beetle, Colombia

The genus Onychelmis was erected by

Hinton ( 1 94 1 ) for the distinctive, tiny, Pan-

amanian species Elmis longicollis described

by Sharp (1882). A second species, O. le-

leupi from the Andes ofEcuador, was added

to the genus by Deleve in 1968. In March

1984, a new species oi Onychelmis was col-

lected with other macroinvertebrates from

streams in Colombia by Maria T. Szauer of

Bogota who sent them to us for identifica-

tion. The two male specimens of the new
species were held with the hope that addi-

tional specimens could be obtained. Unfor-

tunately, no additional specimens have been

obtained and the species is described below

based on the two males. In addition, the

Panamanian O. longicollis is reported for

the first time from Colombia.

Onychelmis whiteheadi, New Species

Figs. 1, 2

Diagnosis.— This new species is similar

to O. longicollis Sharp but may be distin-

guished by the difference in the size of the

punctures in the elytral rows. The punctures

on O. whiteheadi are small, shallow, and

separated by 2-4 times a puncture diameter.

The punctures on O. longicollis are very

coarse, deep, and separated by a puncture

diameter. The aedeagi are definitive and

males of O. whiteheadi may be easily rec-

ognized by the acutely angulate and up-

turned lateral angles of the apex of the ae-

deagus (Figs. 1, 2) in contrast to the

lanceolate aedeagus of O. longicollis (Figs.

3, 4). The comparison of the aedeagus of O.

whiteheadi with the published illustration

of the aedeagus of the only other known

species in the genus, O. leleupi Deleve (1968:

figs. 9, 10), shows that they are not conspe-

cific.

Holotype male.—Form and size: Ob-

ovate and moderately convex. Length, 1.82

mm; greatest body width, 0.86 mm. Pro-

notum narrow, only slightly wider than half

the greatest body width.

Plastron: Plastron covers integument of:

genae; epipleura; sides of prostemum, me-

sostemum, metastemum, and abdominal

sterna; and diagonal area across bases of

femora on medial and lateral surfaces.

Color: Head, pronotum, and elytra black;
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0.1 mm

Figs. 1, 2. Onychelmis whiteheadi, new species, genitalia, male: 1, ventral view; 2, lateral view.

Figs. 3, 4. Onychelmis longicollis Sharp, male: 3, ventral view; 4, lateral view.

cuticle shiny. Venter, including mouthparts,

black or black with reddish tinge except an-

tennae and legs mostly reddish brown; api-

ces of femora black with reddish tinge.

Head: Partly retracted into pronotum.
Surface finely, densely punctate in front of

antennae, punctures separated by puncture

diameter; coarsely and densely punctate be-

hind antennae, punctures separated by 2

times puncture diameter. Maxillary palpus,

4 segmented. Labial palpus, 3 segmented;

apical segment widest at apical third, slight-

ly wider than width of segment 2. Antenna,

1 1 segmented; apical segment longest; seg-

ment 2 swollen and next longest. Labrum
finely microreticulate laterally, shiny me-
dially; anterior margin very slightly emar-

ginate medially; anterolateral angles broad-

ly arcuate, with short, recumbent, golden

hair-like setae. Mentum sparsely punctate.

Submentum finely densely punctate.

Thorax: Pronotum with sides subparallel,

bisinuate, and smooth; base bisinuate,

strongly and broadly so at sides of and very

feebly so in front of scutellum; disc punc-

tate, most punctures very fine and shallow

and separated by 1 to 3 times puncture di-

ameter; surface between discal punctures
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smooth and shiny; with deep transverse im-

pression divided by short longitudinal ca-

rina on meson; bottom of impression mi-

croreticulate; with short remnant of

sublateral carina at base. Scutellum flat, scu-

tate; surface similar to that ofelytra. Elytron

with 5 rows of sparse, moderately coarse

punctures on discal area between elytral

suture and carinate interval 6, then with 2

rows ofpunctures lateral to interval 6; discal

punctures separated by 3 to 4 times punc-

ture diameter; surface between punctures

faintly microalutaceous; intervals flat; each

elytron with a prominent sublateral carina

on interval 6; apex feebly produced and

rounded. Prosternum microalutaceous,

moderately coarsely, sparsely punctate to

subrugose apicomedially; with long carina

in front of each procoxa. Prostemal process

parallel sided, bordered by distinct rim; with

few coarse punctures, especially at apex; apex

broadly rounded. Mesostemum with deep

and broad medial groove for reception of

prostemal process. Metastemum trifoveate

between mesocoxae; impunctate except a

few coarse setigerous punctures clustered on

low gibbosity slightly in front ofand mediad

of each metacoxa; with a shallow, broad,

longitudinal impression on midline extend-

ing from base and becoming effaced at api-

cal half; impression finely microreticulate

in small oval area near posterior margin;

disc rather strongly concave on meson. Pro-

femora and mesofemora finely, moderately

densely punctate dorsally; each with diag-

onal area of plastron setae on basal third

medially (anteriorly). Metafemur with di-

agonal area ofplastron only on extreme base

medially and laterally. Protibia with 2

cleaning fringes; apicomedial fringe on api-

cal third; apicolateral fringe on apical fifth.

Mesotibia with 2 cleaning fringes; apico-

medial (anterior) fringe on apical fifth; pos-

terior fringe extending on apical third.

Metatibia with a posterior cleaning fringe

on apical half Claws with a large subbasal

tooth and a smaller basal tooth.

Abdomen: With 5 visible convex sterna.

Sterna 1-5 with band of plastron setae cov-

ering lateral fourth; discal area shiny, im-

punctate. Sternum 5 with tuft oflong, golden

setae and coarsely punctate apicomedially.

Male genitalia: As illustrated (Figs. 1 , 2).

Female.—Unknown.
Variations.—No variations were noticed

between the two available specimens.

Type dalSi.—Holotype male: COLOM-
BIA: [CUNDINAMARCA]: Bogota [near];

Rio Gacheta, 26 February 1984, Maria T.

Szauer; deposited in the National Museum
of Natural History, Smithsonian Institu-

tion, Washington, D.C.

Paratype: Same data as holotype, 1 male.

Etymology.— This new species is dedi-

cated to the memory of Donald R. White-

head, who was a friend and colleague. An
example of Don's selfless aid to many Co-

leopterists is the number of years he gen-

erously served as editor of the Coleopterists

Bulletin.

Habitat.—The type specimens were col-

lected in the Rio Gaceta at an altitude of

1740 m. At the collection site, the stream

was 12 m wide, contained abundant mac-

rophytes, and had a rocky substrate.

Onychelmis longicollis (Sharp)

Figs. 3, 4

Elmis longicollis Sharp, 1882: 138. -Black-

welder, 1944: 271.

Onychelmis longicollis. — Hinton, 1941:

66.-Deleve, 1968: 220.

Previously, this species was known only

from the type locality in Panama. The pres-

ence of O. longicollis in both Central Amer-

ica and South America is similar to the dis-

tribution of an increasing number of other

elmid genera and species as their distribu-

tions are determined.

Diagnosis.—The deep, coarse punctures

in rows on the elytra and, in males, the dis-

tinctive lanceolate shape of the aedeagus will

easily distinguish this species from O. white-

headi and O. leleupi.

Specimen examined. — COLOMBIA:



498 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

ANTIOQUIA: Medellin (29 km W), on road

to San Jeronimo, 23 Feb 1984, C. M. and

O. S. Hint, Jr., 1 male.
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SEVEN NEW SPECIES OF LIMNEPHILUS FROM WESTERN NORTH
AMERICA WITH DESCRIPTION OF FEMALE OF L. FALLENS

(BANKS) (TRICHOPTERA, LIMNEPHILIDAE,
LIMNEPHILINAE, LIMNEPHILINI)

Andrew P. Nimmo

Department of Entomology, University of Alberta, Edmonton, Alberta T6G 2E3, Can-

ada.

Abstract.—Limnephilus whiteheadi, innuitorum, chilcotinensis, isobela, uintah, chavas,

and granti, new species, are described. Males are figured for all, females also for innuitorum,

isobela, uintah, and chavas. The male of L. pallens (Banks) is figured and rediagnosed,

the female is figured and diagnosed for the first time.

Provenance of material examined ranges from the Arctic coast to New Mexico and

Arizona.

Key Words: Trichoptera, Limnephilidae, Limnephilus, new species. North America

The material described here was accu-

mulated over about ten years, from various

sources (see acknowledgments). The most

prolific source (the three USA species) was

Don Denning (now deceased), of Moraga,

California. He passed on to me the western

United States material which he had accu-

mulated over the years from various sources

(a process reminiscent of insecticides in the

food chain, without the toxic effects). The
remainder of Denning's material will be

dealt with later. Deposition of type material

is given at the end of each species' treat-

ment—all California Academy of Sciences

material is from Denning.

Limnephilus whiteheadi. New Species

Figs. 1-5

A member ofthe asiaticus group, this spe-

cies appears closest to L. labus Ross.

Description.— Fore-wing length 8.2 mm,
red-brown; costal edge hyaline, otherwise

faintly irrorate. Hind-wing hyaline. Anten-

na deep reddish brown, anterior face ofscape

glabrous. Vertex black. Spur formula 1, 3,

4; mesal member of hind-leg pairs longer

than partner. Thorax black. Setae black

overall.

Male genitalia.— (Specimen from Cowi-

chan Lk., Vancouver Island, British Colum-

bia, Canada). Distinguishable by black-

tipped process at mesal edge of cercus base

(Figs. 1-3); by intermediate sclerites of seg-

ment X directed posterad, triangular in lat-

eral aspect, with only slightly upturned tip

(Fig. 1); by clasper with long, very narrow

base, with short, broadly blunt dorsal pro-

cess directed posterad; by presence of small

mesal process at dorso-median edge of ter-

gum IX sparesely clothed with short, stout

setae; and by aedeagus lateral arm termi-

nated by long, tapered, blade-like process,

and mesal face with two curved spines (Figs.

4,5).

Female genitalia.— Unknown.

Material examined. — Holotype male:

Cowichan Lk., Vancouver Island, British

Columbia, Canada, 5/9/49, G. S. Brown.

Deposited in the Spencer Museum, Dept of
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Figs. 1-5. L. whiteheadi n. sp. Male genitalia. 1 . Lateral aspect. 2. Caudal aspect. 3. Dorsal aspect. 4. Aedeagus,

left lateral arm, dorsal aspect. 5. Aedeagus, lateral aspect.

Figs. 6-9. L. chilcotinensis n. sp. Male genitalia. 6. Lateral aspect. 7. Dorsal aspect (partial). 8. Aedeagus,

lateral aspect. 9. Aedeagus, left lateral arm, tip, dorsal aspect.

Zoology, University of British Columbia,

Vancouver Canada.

This species named for Don Whitehead,

fellow graduate student, entomologist, and
philatelist, good friend and beer buddy.

Limnephilus chilcotinensis. New Species

Figs. 6-9

A member of the rhombicus group, this

species appears closest to L. rhombicus L.
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Description.— Fore-wing length indeter-

minate due to damage, overall red-brown,

heavily patterned (but mostly lost as only

specimen is heavily damaged about wings).

Hind-wing hyaline. Antenna yellow-brown,

anterior face of scape glabrous. Vertex uni-

form yellow-brown. Spurs 1, 3, 4. Thorax

orange-brown overall.

Male genitalia.— (Specimen from Alexis

Lk., W Williams Lake, British Columbia,

Canada). Distinguishable by massive cercus

projected posterad, with toothed, heavily

sclerotised ventral edge (Fig. 6) sinuate in

dorsal aspect (Fig. 7); by short, squat inter-

mediate appendages of segment X not vis-

ible in lateral aspect (Fig. 6), directed pos-

terad; by wide dorsal strap of segment IX,

with pair of membranous processes at pos-

tero-mesal edge; by aedeagus with tip turned

rather sharply dorsad (Fig. 8); and by ae-

deagus lateral arm with heavily sclerotised

process at mid-point, directed dorso-anter-

ad in lateral aspect, meso-anterad in dorsal

aspect (Fig. 9), with several short, black

spines on mesal surface.

Female genitalia.—Unknown.
Material examined. — Holotype male,

Alexis Lk., interior plateau west of Watson

Lake, British Columbia, Canada, 24/6/78,

J. R. Spence. Deposited in the Royal On-

tario Museum, Toronto, Canada.

This species is named for The Chilcotin,

the interior plateau ranching country of Brit-

ish Columbia, wherein is located Alexis Lk.

Limnephilus grand, New Species

Figs. 10-13

A member ofthe assimilis group, this spe-

cies appears closest to L. parvulus (Banks).

Description.— Fore-wing length 1 1.9 mm,
pale orange-brown with large transparent

areas grouped about chord, and in post-cos-

tal area. Hind-wing hyaline. Antenna yel-

low-brown, anterior face of scape glabrous.

Vertex dark reddish brown, warts cream.

Spurs 1, 2, 2. Legs brownish yellow; fore-

leg femur with insignificant brush of short,

stout pegs at proximal end of postero-mesal

edge. Thorax dark reddish brown dorsally,

yellow-brown laterally; warts cream.

Male genitalia.— (Specimen from Grant

Ck, Graham County, Arizona). Distinguish-

able by massive, triangular intermediate ap-

pendages of segment X (Fig. 10), with finely

toothed dorsal edge (Figs. 1 0, 1 2); by short,

blunt, rounded process dorsally on mesal face

of cercus (Figs. 10, 1 1); by clasper, in lateral

aspect, thumblike, with short, narrow basal

portion; by Ughtly hirsute postero-dorsal edge

of tergum IX; and by aedeagus stout, with

lateral arm stout, simple, distally fringed by

thick setae (Fig. 1 3).

Female gentialia.— Unknown.
Material examined. — Holotype male.

Grant Ck, Hospital Flat campground, Gra-

ham Mountains, Graham County, Arizona,

USA, 5/6/82, R. W. Bauman. Deposited in

the California Academy of Sciences, San

Francisco, USA.
This species is named for Grant Ck.

Limnephilus innuitorum, New Species

Figs. 14-21

Schmid (1955) did not assign L. argenteus

Banks to a group. I described (Nimmo 1 977)

L. vernalis which is clearly closely related

to argenteus. This species is a third member
of the argenteus group, though somewhat

isolated within the group.

Description.— Fore-wing length 11 mm
(female slightly larger), translucent dark

brown, sparsely, faintly irrorate. Hind-wing

translucent, faintly yellowish (darker in fe-

male). Antenna deep reddish brown, anterior

face of scape brownish cream, glabrous. Ver-

tex dark brown to almost black, with paler,

yellowish brown areas adjacent to com-

pound eyes (in female not so dark, more

mottled with dark and pale areas). Spurs 1

,

3, 4, disto-mesal spur ofhind leg longer than

partner (equal in female). Thorax mottled

very dark brown and paler reddish brown

(female paler overall, with brownish cream

areas).
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Figs. 10-13. L. grant! n. sp. Male genitalia. 10. Lateral aspect. 1 1 . Caudal aspect (partial). 1 2. Dorsal aspect

(partial). 13. Aedeagus, lateral aspect.

Figs. 14-21. L. innuitorum n. sp. Male genitalia. 14. Lateral aspect. 15. Caudal aspect. 16. Dorsal aspect.

17. Ventral aspect (partial). 18. Aedeagus, lateral aspect. 19. Aedeagus, right lateral arm, dorsal aspect. Female

genitalia. 20. Lateral aspect. 21. Ventral aspect.
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Figs. 22-27. L. isobela n. sp. Male genitalia. 22. Lateral aspect. 23. Caudal aspect. 24. Dorsal aspect. 25.

Aedeagus, lateral aspect. Female genitalia. 26. Lateral aspect. 27. Ventral aspect.



504 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

Male genitalia.— (Specimen from near

Tuktoyaktuk, Northwest Territories, Can-

ada). Distinguishable by slender interme-

diate appendage curved dorsad, with fine

serration along distal halfofdorsal edge (Fig.

14); by massive clasper with concave pos-

tero-dorsal surface on dorsal process, and

fairly wide tapered base extended to meso-

ventral edge of segment IX (Figs. 14, 15,

1 7); by long, slender pair of membranous
lobes projected from dorso-mesal area of

segment IX, between cerci (Figs. 14, 16);

and by lateral arms of aedeagus complex

distally, with process on mesal face, prox-

imad of tip, with several long, heavy, pale

setae (Figs. 18, 19).

Female genitalia.— (Specimen from near

Tuktoyaktuk, Northwest Territories, Can-

ada). Distinguishable by roughly triangular

appearance in lateral aspect (Fig. 20), with

high, wide segment IX tapered toward seg-

ment X, which is tapered to correspond, to

a final point; by complex vulval scale (Fig.

2 1 ) ofwidely separated lateral lobes, smaller

rounded peg-like mesal lobes, and large tri-

angular median lobe.

Material examined. — Holotype male,

'lower stream site,' NE Tuktoyaktuk,

Northwest Territories, Canada, 30/6/83, N.

Winchester. Allotype female, same data (this

specimen fragmentary). Paratype males: 2,

same data; 2, same data but 2/7/83; 1, same
data but collected as a larva 19/8/81,

emerged 6/l/81(=82?).

This species is named for the Innuit peo-

ple native to the Canadian arctic regions.

Limnephilus isobela, New Species

Figs. 22-27

A member of the alberta group, this spe-

cies is closest to L. kalama Denning.

Description.— Fore-wing length 13.5 mm,
yellowish brown with scattered hyaline spots,

especially about veins; larger hyaline areas

in distal ends of fl, B, and f5, about chord

and at mid-points of subradial and thyridial

cells (female more hyaline, especially in an-

terior cells). Hind-wing hyaline to pale straw.

Antenna chocolate-brown, anterior face of

scape glabrous. Vertex very deep chocolate-

brown to black, no pattern. Spurs 1, 3, 4,

meso-proximal spur of female middle leg

much shorter than others; all pale yellowish

brown. Thorax deep chocolate brown to al-

most black. Legs deep yellow-brown.

Male genitalia.— (Specimen from Isobel

Pass, Richardson Hwy, Yukon, Canada).

Distinguishable by inconspicuous dorsal

strap of massive segment IX (Fig. 22); by

dorsal half of segment IX directed postero-

dorsad such that cerci and intermediate ap-

pendages project well posterad of claspers;

by massive cercus with concave mesal face

(Fig. 23); by posterior edge of tergum VIII

slightly indented, not clothed in setae (Fig.

24); by intermediate appendage slender,

gently curved postero-dorsad, without den-

titions (Fig. 22), acute-triangular in dorsal

aspect (Fig. 24); and by lateral arms of ae-

deagus bifid distally, each branch heavily

fringed with stout, long setae (Fig. 25).

Female genitalia.— (Specimen from Iso-

bel Pass, Richardson Hwy, Yukon, Cana-

da). Distinguishable by massive, triangular

vulval scale (Fig. 27), with lateral lobes an-

gular, median lobe acute-triangular; by

massive segment IX tapered dorsad (Fig.

26); and by segment X tapered posterad,

with sharp declivity at mid-point, to pair of

finger-like processes (Fig. 27).

Material examined. — Holotype male,

Isobel Pass, mi. 206, Richardson Hwy, Yu-

Figs. 28-34. L. uintah n. sp. Male genitalia. 28. Lateral aspect. 29. Caudal aspect (partial). 30. Dorsal aspect

of tergum VIII posterior edge (partial). 31. Dorsal aspect of segments IX & X (partial). 32. Aedeagus, lateral

aspect. Female genitalia. 33. Lateral aspect. 34. Dorsal aspect.

Figs. 35-40. L. chavas n. sp. Male genitalia. 35. Lateral aspect. 36. Caudal aspect (partial). 37. Dorsal aspect

(partial). 38. Aedeagus, lateral aspect. Female genitalia. 39. Lateral aspect. 40. Ventral aspect.
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Figs. 41-47. L. pallens (Banks). Male genitalia. 41. Lateral aspect. 42. Caudal aspect. 43. Dorsal aspect

(partial). 44. Aedeagus, lateral aspect. 45. Aedeagus, dorsal aspect. Female genitalia. 46. Lateral aspect. 47.

Ventral aspect.

kon, Canada, 13/7/62, R. E. Leech. Allo-

type female, same data as holotype. De-

posited in the Canadian National Collection,

Biosystematics Research Centre, Agricul-

ture Canada, Ottawa, Canada.

This species is named for Isobel Pass.

Limnephilus uintah, New Species

Figs. 28-34

This species is the third member of the

sericeus group.

Description.— Fore-wing length 8.2 mm
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(female larger), dark chocolate, uniformly

irrorate, with scattered larger hyaline areas.

Hind-wing uniformly very pale, translucent

brown. Antenna uniformly brown, scape

darker, with anterior face glabrous (and

cream in female). Vertex dark chocolate-

brown, warts very little paler. Spurs 1, 3, 3.

Thorax dark chocolate-brown, pro- and

meso-thoracic warts paler. Legs paler, shad-

ded to grey-brown distally.

Male genitalia.— (Specimen from Battle-

ship Bog, Uintah County, Utah, USA). Dis-

tinguishable by postero-dorsal edge of ter-

gum IX developed, with ventral process

directed posterad (Fig. 28) (rather like side

view of a cap), rounded-triangular in dorsal

aspect (Fig. 30); by cercus rectangular but

with slight bend (Fig. 28), with finger-like

process at ventro-distal comer (Fig. 29); by

intermediate appendages short, curved

slightly postero-dorsad (Fig. 28), rather stout

in dorsal aspect (Fig. 31) with coarse den-

titions along lateral edge; and by aedeagus

heavy, expanded slightly distally with tip

turned dorsad (Fig. 32), with simple mem-
branous lateral arm hirsute at tip.

Female genitalia.— (Specimen from Bat-

tleship Bog, Uintah County, Utah, USA).

Distinguishable by cerci large, roughly uni-

formly wide (Fig. 33), somewhat tapered

distally in dorsal aspect (Fig. 34); by seg-

ment X a slightly curved tube (Fig. 33) with

distal edge indented laterally to give slender

upper process, and short, blunt ventral pro-

cess; and by dorsal process weakly bifid in

dorsal aspect (Fig. 34).

Material examined. — Holotype male,

Sims Peak potholes, Battleship Bog, Uintah

County, Utah, USA, 22/8/83, R. W. Bau-

man. Allotype female, same data as holo-

type. Paratype female, same data. Depos-

ited in California Academy of Sciences, San

Francisco, USA.
This species is named for Uintah County.

Limnephilus chavas, New Species

Figs. 35^0
A member of the incisus group, this spe-

cies is closest to taloga Ross.

Description.— Fore-wing length 10.2 mm
(female larger), translucent reddish brown,

no evident pattern. Hind-wing hyaline. An-
tenna grey-brown, scape paler. Vertex dark

brown in ocellar triangle, paler peripherally.

Spurs 0, 2, 3 (female 1, 2, 3). Legs grey-

brown, male with dense brush of short, black

spines along front leg postero-mesal femur.

Thorax dark chocolate-brown dorsally, yel-

low-brown laterally, warts paler yellowish

brown.

Male genitalia.— (Specimen from Bob
Crosby Draw, Chavas County, New Mexi-

co, USA). Distinguishable by cercus raised

notably dorsad ofmain body of segment IX
(Fig. 35), directed dorsad, with distinct tooth

at disto-mesal angle; by intermediate ap-

pendages slight, acicular, directed posterad,

with distinct cap of membrane above base

(Figs. 35-37); by aedeagus tip well separated

from main shaft by area ofmembrane, with

three distinct spines on ventral surface (Fig.

38); and by aedeagus lateral arm base wide,

rapidly tapered to long, narrow curved blade,

with 4 spines placed along mesal surface of

proximal half

Female genitalia.— (Specimen from Bob
Crosby Draw, Chavas County, New Mexi-

co, USA). Distinguishable by vulval scale

median lobe massive, triangular (Fig. 40),

with lateral lobes inverted triangular but

minus mesal angle; by segment IX divided

to tergal and sternal portions (Fig. 39) sep-

arated by membranous gap; and by segment

X a complex overlapping of short, longer,

pointed, and blunt processes (Fig. 39).

Material examined.— Holotype male, Bob
Crosby Draw, Chavas County, New Mexi-

co, USA, 16/3/83 (as pupa, emerged 30/3/

83), E. Tackea. Allotype female, same data

as holotype. Paratype female, same data.

Deposited in California Academy of Sci-

ences, San Francisco, USA.
This species is named for Chavas County.

Limnephilus pallens (Banks)

Figs. 41-47

Description.— Fore-wing length 7.6 mm,
hyaline with overall greyish cast, no stigma,



508 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

venation typical for Limnephilus. Hind-wing

hyaline. Female fore-wing red-brown over-

all, no pattern; hind-wing lacks cross-veins

R3-R4, R5-M2, and M2-M3 + 4; individual

aberrations occur, such as fading out ofveins

at wing edges, and rejoining of veins basad

of wing edges. Antenna dull grey-brown,

scape somewhat darker. Vertex dull grey-

brown, except sutures darker, warts barely

distinguishable. Spurs 0, 2, 2 or 0, 2, 3 (fe-

male 0, 2, 4). Male front-leg femur disto-

mesal edge with semi-circular excision with

two strong, black setae set very close to-

gether along anterior edge of excision,

roughly parallel to long axis offemur— these

bear some resemblance to spurs but appear

not to be. Female front leg femur 'normal,'

with distal spur, but also with two strong,

black setae at right angles to long axis of

femur. Thorax dull grey-brown with darker

sutures, warts barely distinguishable.

Male genitalia.— (Specimen from Kluane

National Park, Yukon, Canada). Distin-

guishable by presence of finely hirsute pro-

cess directed posterad from postero-dorsal

edge oftergum VIII (Figs. 4 1 , 43); by finger-

like clasper directed postero-dorsad from

wide base along entire height of main body

of segment IX (base poorly delimited from

segment IX) (Figs. 4 1 , 42); by cercus short,

rounded, directed dorsad (Fig. 41), with large

tooth-like process directed mesad from dis-

to-mesal face (Fig. 42); by aedeagus scoop-

like, with tip not differentiated from main

body (Fig. 44); and by lateral arms of ae-

deagus short, heavily sclerotised, blade-like

(Figs. 44, 45).

Female genitalia. — (Specimen from
Kluane National Park, Yukon, Canada).

Distinguishable by lobes of vulval scale

slender, well separated (Fig. 47); by segment

IX massive, constricted laterally just below

dorsal surface (Fig. 46); and by segment X
simple, almost circular (Fig. 46).

Material examined.— Several males and

females, Kluane National Park, Yukon,

Canada, dates unknown, R. Wickstrom.

Deposited in Strickland Museum, Dept of

Entomology, University of Alberta, Ed-

monton, Canada.
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Note

Asphondylia (Diptera: Cecidomyiidae) Does Not
Reflect the Disjunct Distribution of

Larrea (Zygophyllaceae)

Larrea has a disjunct North and South

American distribution. One species, Larrea

tridentata (DC.) Coville or creosote bush,

occurs in southwestern North America, well

separated from the remaining four species

in the genus that are restricted to southern

South America. These four are: Larrea

ameghinoi Speg., L. cuneifolia Cav., L. di-

varicata Cav., and L. nitida Cav. Larrea

divaricata, the South American species that

most closely resembles the Nearctic triden-

tata, is the most widespread in South Amer-
ica, extending from Argentina west into

Chile and as far north as Peru; nitida ex-

tends from Argentina into Chile, but the

remaining two species are restricted to Ar-

gentina (Mabry et al., eds. 1977. Creosote

Bush, Biology and Chemistry of Larrea in

New World Deserts, Dowden, Hutchinson

& Ross, Inc., Stroudsburg, PA, USA., xvi

& 284 pp.; Waring. 1986. Agave 2(1): 3-

15).

The galls of Larrea tridentata have been

extensively investigated in Arizona (War-

ing. 1987. Ph.D. dissertation, Northern Ariz.

Univ., Flagstaff", 75 pp.; Waring and Price.

1989. Oecologia 79: 293-299). Gagne and

Waring (1990. Proc. Entomol. Soc. Wash.

92: 649-67 1) treated the 1 5 Asphondylia spp.

known from creosote bush in Arizona. Each

of them forms a distinct gall on some part

of the host. Gagne and Waring (ibid.) hy-

pothesized that those 1 5 species, which they

dubbed the Asphondylia auripila group, were

probably monophyletic, but were unable to

say what the closest relative of this group

might be, particularly in view of the pos-

sibility that they might occur on Larrea in

South America. To date no gall midges have

been reported from Larrea in South Amer-

ica, presumably because of lack of collect-

ing.

We were in Argentina during January and

February, 1990, in search of insect pests for

use in biological control of weedy plants,

including Larrea, in southwestern United

States. We examined closely Larrea spp. for

insect damage at 1 5 sites from south-central

to northwestern Argentina. We spent a com-

bined two to three hours with Larrea at each

site. During that time we discovered only

two kinds of galls, both caused by gall

midges. Both types of galls were common
on L. divaricata wherever we found that

plant in Argentina, but were never found on

the other Larrea species, even when they

grew intermixed with divaricata.

One gall consists of a pair of slightly en-

larged leaves that are coalesced along their

edges to form a biconvex, hollow gall. The

inside is often filled with resin. The gall is

analogous to that made by the Contarinia

sp. on Larrea in North America (Gagne

1989, Waring 1987). We were too late in

the season to find specimens of the gall-

maker, except for one dead gall midge larva,

which is in poor condition and does not

belong to Contarinia.

The other gall is a complex pineapple-like

growth superficially similar to that made by

Asphondylia rosetta Gagne in Arizona

(Gagne and Waring, ibid.). It is composed

of a large number of leaves growing along

a greatly foreshortened stem, resulting in an

elongate rosette. In the gall oi A. rosetta, a

single larva lies in a closed chamber in the

stem. In the Argentine gall the larva may
be solitary or gregarious and lives freely but



510 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

covered with resin among the leaves. We
were too late to find active larvae for this

species also, but we found dead or mori-

bund larvae in many of the galls. These lar-

vae represent a species new to science, but

they do not fit in Asphondylia or any other

genus known to us. They are greatly mod-
ified in a way analogous to the larvae of

Cecidomyia, which are found immersed in

resin of conifers in the Northern Hemi-
sphere, in that the spiracles of the eighth

abdominal segment are greatly enlarged and

directed posteriorly beyond the anal seg-

ment.

Although Asphondylia is known from

other hosts in southern South America

(Gagne. 1969. A Catalogue of the Diptera

of the Americas South of the United States,

Sao Paulo, Brazil 23: 1-62), we saw no sign

of any species on Larrea. This suggests to

us that the Asphondylia auripila group orig-

inated in southwestern North America in a

shift from another host and that its closest

relatives will probably be found there.

This topic is the kind that greatly inter-

ested Don Whitehead, so we gladly add it

to the celebration of his memory in this

memorial issue of the Proceedings. We are

grateful to Hugo Cordo of the Biological

Control ofWeeds Laboratory, ARS, Buenos

Aires for his help with our projects in Ar-

gentina and to A. S. Menke, G. S. Steyskal,

N. E. Woodley, And G. L. Waring for read-

ing and commenting on this manuscript.

Raymond J. Gagne and Paul E. Boldt,

(RJG) Systematic Entomology Laboratory,

PSI, Agricultural Research Service, USDA,
% U.S. National Museum NHB 168, Wash-

ington, D.C. 20560; (PEB) Grassland, Soil

and Water Research Laboratory, Agricul-

tural Research Service, USDA, 808 East

Blackland Road, Temple, Texas 76502.



PROC. ENTOMOL. SOC. WASH.
93(2), 1991, pp. 511-514

ON THE OCCURRENCES OF OPISTHIUS RICHARDSONI KIRBY
AND ASAPHIDION YUKONENSE WICKHAM (COLEOPTERA, CARABIDAE)

AS LATE PLEISTOCENE FOSSILS

Allan C. Ashworth and Donald P. Schwert

Geology Department, North Dakota State University, Fargo, North Dakota 58105.

Abstract. —Numerous fossils ofthe carabids Opisthius richardsoni Kirby and Asaphidion

yukonense Wickham are known from late Pleistocene and early Holocene deposits in

midcontinental North America. Both species are presently restricted to riparian habitats

of the Cordilleran foothills. Their fossil occurrences in the midcontinent are explained by

reference to meltwater habitats associated with the growth and decay of the Laurentide

ice sheet.

Key Words: Coleoptera, Carabidae, Opisthius, Asaphidion, Pleistocene, fossils

Don Whitehead was always fascinated

with a good biogeographic mystery, and this

one had him hooked. On a January morning

in 1 977 at the Smithsonian Institution, Don
Whitehead confirmed the identification of

a fossil elytron of the western-montane ca-

rabid species Opisthius richardsoni Kirby.

The specimen was from a 12,500 yr B.P.

(years Before Present) fossil assemblage at

Norwood, Minnesota (Ashworth et al.

1981). Opisthius richardsoni joined a small,

but growing, group of carabid species of

western affinities occurring as fossils in mid-

continental and eastern sites of late Pleis-

tocene age. The first of these to have been

discovered, Asaphidion yukonense Wick-

ham, was from a 10,600 yr B.P. peat deposit

in southern Ontario (Ashworth 1977). The
question of why species with existing west-

em montane distributions were present in

lowland fossil assemblages more than a

thousand kilometres to the east ofthe Rock-

ies was as intriguing to Don as it was to us.

On subsequent visits to the Smithsonian,

Don would quiz us about the latest ideas

that we had to explain the distributions of

these species. Those ideas are expressed in

this paper as a tribute to the stimulating

conversations that we had with Don.

Modern and Fossil Occurrences

Lindroth (1961) described the habitat of

O. richardsoni as "confined to the banks of

rivers and big brooks, on places where the

soil is soft, consisting of clay, often mixed

with sand and gravel." We have regularly

collected this species on sand and gravel

bars adjacent to cold, rapidly-flowing waters

of streams in the Cordilleran foothills. Pop-

ulations of this species occur from southern

Alaska to Southern California, in a range

that Lindroth (1961) described as "pro-

nouncedly western" (Fig. 1).

Fossils of O. richardsoni have been re-

corded from sediments of late Wisconsinan

age in northeastern Illinois (Garry et al.

1990b), north-central Iowa (Schwert, ms.

submitted), south-central Minnesota (Ash-

worth et al. 1981), and northwestern On-

tario (Schwert and Bajc, unpubl. data) (Fig.

1).

Lindroth (1963) reported thaty4. yukon-

ense "occurs on the banks of running wa-

ters . . . often under leaves of Salix and
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FOSSIL LOCALITIES.
^Opisthius richardsoni

• Asaphidion yukonense

Fig. 1 . The modem and fossil distribution of O. richardsoni and A. yukonense. The margins of the Laurentide

ice sheet are shown at 18,000, 14,000, 1 1,000, and 8000 yr B.P. (after Dyke and Prest 1987).

Alnus where the vegetation is restricted to

patches of tiny mosses." J. V. Matthews,

Jr. (pers. comm. 1990) has collected the

species on bare patches of loessic soils close

to running water. The range of this species

is more restricted than that of O. richard-

soni, occurring in Alaska, Yukon Territory,

British Columbia, and west-central Alberta

(Fig. 1).

Asaphidion yukonense occurs as fossils in

deposits of late Wisconsinan age in west-

central Illinois (Schwert and Hajik unpubl.

data), northeastern Wisconsin (Morgan and

Morgan 1979, Garry et al. 1990a), Vermont

(Matthews unpubl. data), southern Ontario

(Ashworth 1977, Morgan et al. 1983), and

northwestern Ontario (Bajc et al. 1986,

Schwert and Bajc unpubl. data) (Fig. 1).
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Discussion

The correlation between fossil occur-

rences and ice margin positions of similar

age indicates that O. richardsoni and A. yu-

konense "were inhabitants of the ice-margin-

al zone (Fig. 1). The occurrences ofO. rich-

ardsoni at 2 1 ,500 yr B.P. at Wedron, lUinois,

and at 15,300 yr B.P. at Fort Dodge, Iowa,

were associated with the ice advancing to

its late Wisconsinan maximum. The re-

maining occurrences of both species were

associated with the ice-margin in the pro-

cess of retreat, as is reflected by the sequen-

tial decrease in ages of fossil occurrences

northward (Fig. 1).

Both O. richardsoni and A. yukonense

presently occur on sparsely-vegetated banks

ofrapidly-flowing, meltwater-fed rivers. Ri-

parian habitats of this type are no longer

represented in central and eastern North

America but were widespread throughout

that region during the last glaciation. The

vegetation based on pollen analyses of O.

richardsoni-hQaring sediments at Wedron,

Illinois (Garry et al. 1990a), Fort Dodge,

Iowa (R. G. Baker pers. comm.), and Nor-

wood, Minnesota (Ashworth et al. 1981),

was a mosaic of open areas and patches of

spruce woodland.

Opisthius richardsoni and A. yukonense

were members of insect communities that

do not exist today. Non-analogous animal

and plant communities characterized the

unstable transitional environments of the

late Wisconsinan. Community composition

continually changed as species with difler-

ent ecological requirements and dispersal

capabilities responded to rapid environ-

mental changes.

What were the conditions that led to the

range expansion of O. richardsoni and A.

yukonense into central and eastern regions

of North America? We speculate that prior

to the last ice advance these species may
have had distributions in the Cordilleran

foothills similar to those of today. As Lau-

rentide ice advanced southward, meltwaters

formed a complex ofbraided rivers and out-

wash plains south of the ice margin to the

east of the Cordillera. From montane
streams, southeastward dispersal of indi-

viduals across interfluves produced an east-

ward range extension for both species. Fos-

sils of O. richardsoni have not been

discovered east of Iowa and Minnesota,

which during the late Wisconsinan may have

been its easternmost range limit. Asaphi-

dion yukonense was evidently more suc-

cessful in eastward dispersal, as fossils are

known from as far east as Vermont. As ice

retreated northward, the meltwater stream

habitats that had supported O. richardsoni

and A. yukonense disappeared from the

midcontinent. The loss of habitat resulted

in their present range restriction to the Cor-

dilleran foothills.

Opisthius richardsoni and A. yukonense

are examples ofspecies that underwent large-

scale changes in range in response to climate

change and glacialion. Occasionally, the

combination ofclimatic change and ice bar-

riers resulted in even more profound bio-

geographic eflects. Fossil assemblages from

21,500 to 14,000 yr B.P. ice-marginal lo-

cations in Iowa and Illinois contain arctic

species with distributions today restricted

to Alaska, Yukon, and the Northwest Ter-

ritories. We have proposed (Schwert and

Ashworth 1988) that the southern popula-

tions of these species were extirpated as a

result of climatic warming and competition

for the ice-marginal environment by warm-

er-adapted species dispersing into the re-

gion from the south. The result of the elim-

ination of populations of arctic species in

the midcontinental region was that the Alas-

ka-Yukon refugium became the principal

source region for the repopulation of the

arctic during the Holocene.

The fossil occurrences of O. richardsoni

and A. yukonense can be understood in

terms of the geologic record of environ-

ments known to have existed during the late

Wisconsinan. The occurrences of other

"western" species within these fossil assem-
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blages are less easily explained. For exam-
ple, the coccinellid Hippodamia caseyi

Johnson, which today has a range extending

from southern British Columbia to north-

em California and Colorado (Gordon 1985),

was present at Fort Dodge, Iowa, 15,300 yr

B.P. This species is not riparian, and its

distribution cannot be directly linked to the

disappearance of a glacially-associated hab-

itat.
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Editor's Note

The January, 1991, issue of this journal

contained revised instructions to authors.

Within the article it was stated that ESW
page charges are $35.00 per page. This will

remain in effect for all manuscripts pub-

lished through the October, 1991, issue. Be-

ginning with the January, 1992, issue, page

charges will be increased to $40.00. There-

after they are subject to change without no-

tice to cover any change in printing costs.
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Society Meetings

958th Regular Meeting-May 3, 1990

The 958th Regular Meeting of the Ento-

mological Society ofWashington was called

to order by President Jeffrey R. Aldrich in

the National Visitor Center (or "Log
Lodge"), Beltsville Agricultural Research

Center, at 8:12 p.m. on 3 May 1990. Twen-
ty-nine members and 23 guests were pres-

ent. Minutes of the April meeting were read

and approved.

Membership Chairman G. B. White re-

ported that there had been no applicants for

membership during the previous month.

President-Elect D. R. Smith distributed

announcements of our upcoming annual

joint banquet with the Pest Science Society

of Washington and the Entomological So-

ciety of Maryland (see minutes of 5 April,

Proc. Entomol. Soc. Wash. 92: 822, October

1990).

At the request of Stephen Berberich,

manager of the National Visitor Center,

President Aldrich noted that the grounds of

this facility include a charming pond and a

nature trail. To maintain such a bucolic set-

ting while simultaneously minimizing op-

erating expenses, a "Take Pride in Ameri-

ca" volunteer workday is scheduled for

Saturday, 1 2 May. Participants are expected

to "fall in" for duty at 8:30 a.m. but will be

compensated for their altruistic behavior

with a free lunch.

Geoff White exhibited three 8" x 10"

photos of some original entomological art

by our late Custodian, Anne M. Wieber.

Among the subjects that seem to have caught

Anne's fancy are the flies Lycoriella mali

(Fitch) (Sciaridae) and Megaselia halterata

Wood (Phoridae), which are pests of com-
mercial mushrooms, and the chalcid Eury-

toma verticillata (Fabricius), a hyperparasite

ofApanteles wasps (Braconidae) that in turn

parasitize the gypsy moth, Lymantria dispar

(Linnaeus). Geoff also reminded the mem-
bership that all contributions to the Anne
M. Wieber Memorial Fund serve to

strengthen the entomological library of the

Naturalist Center, National Museum of

Natural History (see minutes of 1 March,

Proc. Entomol. Soc. Wash. 92: 820, October

1990).

A. L. Norrbom displayed the new text

Fruit Flies: Their Biology, Natural Enemies

and Control, edited by A.S. Robinson and

G. Hooper (1989, Elsevier, Amsterdam,

ISBN 0-444-42763-5), which contains an

extended discussion of the biology, taxon-

omy and zoogeography of these much-stud-

ied insects.

J. H. Fales reported that on 27 April of

this year he collected two faded female

monarchs {Danaus plexippus (Linnaeus)) in

southern Maryland, one at midday at Plum
Point in Calvert County, and the other in

late afternoon at Point Lookout in St. Mary's

County. Both were airmailed to L. P. Brow-

er in Gainesville, Florida, who is able to

determine the origin of individual speci-

mens by electrophoretically detecting bio-

chemical differences stemming from the di-

vers milkweeds {Asclepias spp.) within their

range.

President Aldrich distributed a vast sup-

ply of his "gumball" formulation of the ag-

gregative pheromone of the spined soldier

bug, Podisus maculiventris (Say) (Hemip-

tera: Pentatomidae), and proudly touted a

prototype holder for this material, in which

he has a commercial interest.

The speakers for the evening were Essex

E. Finney, Beltsville Area Director, Agri-

cultural Research Service, U.S. Department

of Agriculture, and W. Steve Sheppard,

Beneficial Insects Laboratory, also ARS,
USDA. Dr. Finney recounted the history of

the Beltsville Agricultural Research Center,

which today embraces some 7000 acres and
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a Staffof 1 500 drawn from various branches

of the federal government. A 10-year $200

million renovation program dubbed "Re-

naissance '93" is currently under way with

a view toward agriculture's research prior-

ities in the twenty-first century.

Dr. Sheppard focused on his own labora-

tory's research in a presentation entitled

"Detection of a Hybrid Zone in Argentina

between African- and European-derived

Honey Bees." Characters drawn from es-

terase gel electrophoresis and employed in

distance Wagner phylogenetic analysis can

be used to trace the degree of intergradation

between European and African strains of

the honey bee where these strains are known
to be hybridizing. Mitochondrial DNA pro-

vides an additional molecular marker be-

cause it is maternally inherited and does not

suffer dilution through interbreeding. Armed
with these techniques, entomologists may
soon be able to map the extent to which

honey bee populations anywhere in the

Western Hemisphere have been "African-

ized."

Between presentations, the ESW audi-

ence was treated to a series of promotional

videotapes starring area entomologists at

work on the Beltsville reservation. Subjects

ranged from our photogenic leader's un-

precedented encapsulation ofan aggregative

pheromone for predatory insects {vide su-

pra) through the morphometric analysis of

honey bee populations, mass rearing and

sterilization of fruit flies, and some prom-

ising experiments with juvenile hormone as

a "fire ant extinguisher."

This evening's large assembly featured the

greatest number ofguests in recent memory;
several were introduced and the meeting was

adjourned at 9:50 p.m. Refreshments in-

cluded a carrot cake made by our Society's

first lady, Barbara Dee Aldrich, and a fudge

marble cake by little Marisa Davis, at this

hour dreaming of sugarplums.

Richard G. Robbins, Recording Secretary

959th Regular Meeting-June 7, 1990

The 959th Regular Meeting of the Ento-

mological Society of Washington— our An-

nual Banquet—was happily convened by

Master of Ceremonies Douglas W. S. Suth-

erland in the Associates Court, National

Museum of Natural History, at 7:30 p.m.

on Thursday, 7 June 1990. With customary

camaraderie, this event was again cospon-

sored by the Pest Science Society of Wash-
ington and the Maryland Entomological So-

ciety. One hundred and five eager

entomophiles, spouses and friends were in

attendance. After a buffet dinner featuring

roasted top round ofbeefau jus and chicken

Marsala, our congregation was regaled by

David A. Nickle, Research Entomologist,

Systematic Entomology Laboratory, U.S.

Department of Agriculture, whose presen-

tation, "Hide and Sing in the Rainforest:

the Katydids ofthe Peruvian Amazon," was

a stridulous evocation of that romantic

realm.

Richard G. Robbins, Recording Secretary

960th Regular Meeting— October 4, 1990

The 960th Regular Meeting of the Ento-

mological Society ofWashington was called

to order by President Jeffrey R. Aldrich in

the Naturalist Center, National Museum of

Natural History, at 8:03 p.m. on 4 October

1990. Thirteen members and five guests

were present. Minutes of the May meeting

were read and approved.

President Aldrich announced his immi-

nent departure for Australia, where he will

serve as a visiting scientist for the next sev-

eral months. Therefore, at the close of this

evening's meeting, the powers of the pres-

idency will devolve upon President-Elect

David R. Smith. Dr. Aldrich also an-

nounced that Essex E. Finney, Area Direc-

tor, Beltsville Agricultural Research Center,

has agreed to let our Society's collection of

back issues of the Proceedings and other
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publications remain on reservation grounds

in perpetuity and at no charge.

R. G. Robbins announced that the press

of duties associated with his new position

at the Walter Reed Army Medical Center

will prevent him from serving as this So-

ciety's Recording Secretary in 1991.

Membership Chairman G. B. White read

the names of the following applicants for

membership: Diomedes Quintero Arias,

Smithsonian Tropical Research Institute,

Tupper Research Center, APO Miami,

Rorida; Arvid Boe, Department of Plant

Science, South Dakota State University,

Brookings; Miguel Borges, Cenargen/EM-

BRAPA, Biological Control Laboratory,

Brasilia, Brazil; Dennis D. Kopp, College

Park, Maryland; Sturgis McKeever, De-

partment of Biology, Georgia Southern

University, Statesboro; Harry F. Painter,

Annandale, Virginia; Jil M. Swearingen,

Rockville, Maryland; and Maureen Tisch-

ler, Baltimore, Maryland. Chairman White

added that he too would probably have to

relinquish his office at the end of the year,

thus concluding a long but happy chapter

of service to this Society.

President Aldrich expressed the mem-
bership's heartfelt thanks to all departing

officers and added that their efforts had un-

derwritten the success of our May meeting

at the National Visitor Center in Beltsville.

Certainly, future ESW leaders should con-

sider meeting amid the comforts ofthe "Log
Lodge" at least once a year.

T. J. Spilman displayed an exquisite post-

card ofthe monarch butterfly (Danaus plex-

ippus (Linnaeus)) that had been hand-paint-

ed by E. Jeane Campfield of Redding,

California, for this year's National Postcard

Week (6-12 May).

R. P. Eckerlin distributed gratis copies of

two noteworthy entomological works: Field

Behavior Comparison of Eight Species of

California Desert Ants, a bound M.A. thesis

completed in September 1985 by Jack S.

Neal of Loma Linda University, Riverside,

California; and a 1970 edition of the 1841

classic, A Report on the Insects of Massa-

chusetts Injurious to Vegetation, by Thad-

deus William Harris, reprinted by Amo
Press Inc. and The New York Times.

The speaker for the evening was Vic Ad-

ler. Research Entomologist (retired), U.S.

Department of Agriculture, and an ESW
President in 1973. Vic's talk, entitled "Ho-

mosexuality and Insect SexuaUty: Origin and

Raison d'Etre," reflects his lifelong passion

for ferreting out papers on sexual behav-

ior—especially aberrant behavior— osten-

sibly to comprehend the mechanisms of sex

determination. His thesis, that chemicals,

sounds or even particular frequencies of a

sound can determine sex, rests on three as-

sumptions: evolution is a fact, creationism

is bunk, and statistics can be taken with a

grain of salt. It somehow follows that ho-

mosexuality is merely a matter of timing in

the maturing egg which, according to Vic,

initially develops both sexes. Evidence for

this supposedly may be found in a veritable

Mondo Cane of entomovoyeurisms: aging

female fruit flies become lesbians and be-

have like amazons; male bed bugs, notori-

ous copulators even as heterosexuals, oc-

casionally are seen sinking their aedeagi into

one another; moths ofmany species, reared

in mixed colonies, exhibit rampant homo-

sexuality; various male beetles frequently

attempt to mate with each other, especially

if rejected by a female, and some, apparent-

ly crazed by the presence of female phero-

mones, will even mount their dead breth-

ren, thereby qualifying as necrophiliacs. This

libidinous litany left the ESW audience

hushed as seldom before but unanimous in

agreement that Vic's presentation had

earned itself an "X" rating.

Among those surviving this evening's or-

gies was Alan Stone, one or our Society's

Honorary Members and our President in

1951. Welcome refreshments were provid-

ed by Don Davis. With a round of applause

for Jeff Aldrich and cries of "good fortune
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down under," the meeting was adjourned

at 9:43 p.m.

Richard G. Robbins, Recording Secretary

961st Regular Meeting—
November 1, 1990

The 961st Regular Meeting of the Ento-

mological Society of Washington was called

to order by President-Elect David R. Smith

in the Naturalist Center, National Museum
of Natural History, at 8:04 p.m. on 1 No-
vember 1990. Twenty members and five

guests were present. Recording Secretary R.

G. Robbins, awash in grant reviews for

USAID, postponed reading the minutes of

the October meeting until December.

In the absence of Membership Chairman
G. B. White, President-Elect Smith noted

that there had been no applications for

membership during the past month. The
President-Elect also announced formation

of this year's Auditing and Nominating
Committees, the former consisting of R. W.
Hodges (Chairman), O. S. Flint, Jr. and R.

D. Stewart; the latter staffed by D. R. Davis

and J. W. Neal, Jr. and chaired by M. B.

Stoetzel, who presented the following slate

of officers for 1991: President, David R.

Smith (automatic); President-Elect, Wayne
N. Mathis; Recording Secretary, M. Alma
Solis; Corresponding Secretary, HoUis B.

Williams (incumbent); Treasurer, Norman
E. Woodley (incumbent); Program Chair-

man, Gary J. Steck (incumbent); Member-
ship Chairman, Russell D. Stewart; Editor,

Robert D. Gordon (incumbent); Associate

Editor, Thomas J. Henry (incumbent); and
Custodian, James B. Stribling (incumbent).

A motion to approve this roster was sec-

onded by R. J. Gagne and passed by voice

vote.

Mignon Davis announced that she would
be relinquishing her position as hospitality

chair at the end of this year, whereupon
Ralph P. Eckerlin and his fine following of

students from Northern Virginia Commu-
nity College, Annandale, volunteered to as-

sume Mignon's responsibilities. Dr. Eck-

erlin called for a round of applause in

appreciation ofMignon's many years of ser-

vice, and President-Elect Smith warmly
thanked both members for their loyalty to

our Society.

President-Elect Smith reminded the

membership that our next Regular Meeting

will take place on the second Thursday in

December so as not to conflict with the Na-
tional Conference of the Entomological So-

ciety ofAmerica, which is scheduled for the

first week of that month.

T. J. Spilman exhibited a remarkable new
catalog, "The Papers of Charles Valentine

Riley, A Register of His Papers in the Na-
tional Agricultural Library," compiled and

edited by Judith J. Ho and Willie Yuille and
published in June of this year as No. 92 in

the series Bibliographies and Literature of
Agriculture, USDA, NAL, Beltsville, Mary-

land 20705. Encompassing drawings, re-

prints, unpublished lectures, and other rare

or unique literary memorabilia donated to

the NAL by Dr. Riley's granddaughter, this

work should be obbligato for enthusiasts of

our Society's first President and the Smith-

sonian's first Curator of Insects.

R. J. Gagne displayed volume 148 of the

Memoires du Museum National WHistoire

Naturelle (Zoologie), which consists of a

book published this year by L. Matile on

the systematics and evolution of the Ker-

oplatidae (Diptera: Mycetophiloidea). This

is the most comprehensive work to date on

any large group of fungus gnats. Dr. Gagne
made special note of Matile's schematic

spatiotemporal phylogenetic trees and, bien

siir, the beautiful frontispiece, which fea-

tures eight color illustrations of represen-

tative keroplatids.

In anticipation of this evening's presen-

tation, Doug Sutherland circulated a car-

toon from "The Far Side" by Gary Larson

showing a termite queen in her egg chamber
exclaiming "Ice Cream! I crave ice cream!

. . . And pickles! Bring some pickles!" And
in keeping with his trademark issue, Dr.
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Sutherland also exhibited a raft of plexip-

piana, including satirical newspaper articles

and an essay entitled "Mysteries of the

Monarchs," by John Fairhall, the cover story

for the October/November issue ofAmtrak
Express magazine.

Not to be outdone, Edd Barrows exhib-

ited the health section from The Washing-

ton Post for 30 October, whose cover story,

"The Big Sting," heralds the arrival of so-

called killer bees in the southern United

States. Dr. Barrows also circulated a mem-
bership information form from the Xerces

Society and, to the astonishment of all pres-

ent, a can of Dole fruit punch on which

cochineal is listed as an ingredient. Presi-

dent-Elect Smith recounted how Edd re-

cently had the nonplussing experience of

seeing his name Hsted among the authors of

a paper in Acta Ecologica Sinica (9(4): 336-

340, December 1989). Written entirely in

Chinese, the body of the paper deals with

the effects of sulfur dioxide on the Mexican

bean beetle, Epilachna varivestis Mulsant

(Coccinellidae). Edd was grateful for the brief

English summary explaining what he had

"written."

Ed Saugstad exhibited a vial of ticks from

an African ball python, Python regius

(Shaw), that he had examined in a pet shop

in Frederick County, Maryland. The ticks

were subsequently identified by R. G. Rob-
bins as Aponomma latum (Koch, 1844), a

common parasite ofsnakes throughout sub-

Saharan Africa.

Lance A. Durden reported that while vis-

iting the National Zoo in Washington, D.C.,

on 15 September 1990, he and his wife Su-

san observed a long-tailed skipper butterfly,

Urbanus proteus (Linnaeus), for about 30

minutes on a large clump ofBuddleia bush-

es (Loganiaceae). The specimen was in per-

fect condition, suggesting that this skipper

had been able to breed in the Washington
area. J. H. Fales added that he was not sur-

prised by this finding because long-tailed

skippers are common in southern Mary-
land.

The speaker for the evening was Deborah
A. Waller, Department of Biological Sci-

ences, Old Dominion University, whose talk

was entitled "Nutritional Ecology of Ter-

mites." In the eastern United States, the

common subterranean termite Reticuliter-

mes flavipes (Kollar) ordinarily occurs in

fallen trees or buried wood but may venture

from such soil-associated nesting sites to at-

tack structural timbers. The feeding habits

of this species are often viewed as typical

for the order Isoptera. However, the more
than 2000 termite species found in warm
regions around the world feed on a wide

range oforganic materials, including surface

or subsurface forest litter, roots, grasses, li-

chens, fungi, dung, and even carrion. In the

tropics, cultivated plants and crops are often

attacked. Soil is the preferred food of most

termite species, though its target compo-
nents remain unknown. Possible factors de-

termining food selection include nutrients,

allelochemicals, density, water content, mi-

crobial associations, and size, shape or po-

sition. In Louisiana, Dr. Waller's research

has focused on the introduced pest Copto-

termes formosanus Shiraki (also a subter-

ranean species), whose large, aggressive col-

onies contain unusually high percentages of

the soldier caste. This termite is known to

consume the wood of both living and dead

trees, though it is repelled by live pine. Sur-

prisingly, baldcypress {Taxodium distichum

(Linnaeus) Richard) is a favorite food, de-

spite this tree's toxic reputation. Experi-

mental evidence suggests that fungi may
render baldcypress more palatable to Cop-

totermes by increasing the water, nutrient

and nitrogen content of the wood, decreas-

ing hardness, and predigesting cellulose.

Additionally, the termites may gain access

to fruiting fungal bodies or acquire nitrogen-

fixing bacteria and various digestive en-

zymes associated with fungus-infested wood.

Dr. Waller highlighted her lucid presenta-

tion with exhibits of live and alcoholic ter-

mite collections as well as the subsocial

cockroach Cryptocercus punctulatus Scud-
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der, which shares with primitive termites

the abihty to digest wood through the action

of symbiotic Protozoa.

Visitors were introduced and the meeting

was adjourned at 9:20 p.m. Refreshments

followed.

Richard G. Robbins, Recording Secretary

962nd Regular Meeting-

December 13, 1990

The 962nd Regular Meeting of the En-

tomological Society of Washington was

called to order by President-Elect David R.

Smith in the Naturalist Center, National

Museum of Natural History, at 8:04 p.m.

on 13 December 1990. Fifteen members and

six guests were present. Minutes ofthe June,

October and November meetings were read

and approved, the last-named with one

emendation.

In the absence of Membership Chairman
G. B. White, President-Elect Smith read the

names of the following applicants for mem-
bership: Michael A. Floyd, Department of

Entomology, Clemson University, Clem-
son, South Carolina; and James R. Ott, De-

partment of Entomology, University of

Maryland, College Park.

As organizer of our last banquet, Presi-

dent-Elect Smith read his report on that

amiable event together with the annual re-

ports of the Editor, Treasurer, Custodian,

Membership Chairman, and outgoing Pres-

ident. Corresponding Secretary Holly Wil-

liams summarized her principal activities

over the past year. The President-Elect then

reviewed the slate of nominees for officers

in 1991 and called for additional nomina-

tions from the floor, of which there were

none. A motion was made and seconded

that the slate be accepted as presented. The
motion was approved by acclamation.

The President-Elect next recounted the

highlights of the Executive Committee
meeting held earlier in the day. The Com-
mittee has decided to hold our regular Jan-

uary meeting on the second Thursday ofthe

month, thereby giving members time to re-

cuperate from their New Year's revelries.

The Committee also voted to officially en-

dorse the monarch butterfly, Danaus plex-

ippus (Linnaeus), as our National Insect.

Eflective immediately, the Recording Sec-

retary will take the minutes ofour June ban-

quet, which (despite some confusion) has

counted as a regular meeting for the last

three years (see amendment to Art. VIII,

Sec. 1, Bylaws, Proc. Entomol. Soc. Wash.

90: 265-266, April 1988). Fiscally, the So-

ciety continues to show a deficit in its gen-

eral fund, which lost *4791 in 1990, almost

twice the figure for 1989. Since these losses

chiefly stem from the increased cost of pub-

lishing the Proceedings, the Executive Com-
mittee has voted to raise page charges from

*35 to MO for members and from *55 to *60

for nonmembers and for those members re-

questing immediate publication or whose

works exceed 15 pages in length. Reprint

charges will also be raised on a sliding scale.

The Committee considered a motion to in-

crease membership dues from *20 to *25 per

year, but because such a change involves

amending the Bylaws (Art. IV, Sec. 1), it

will first be formally presented to the mem-
bership during our January meeting and

voted up or down at our February meeting.

Finally, the President-Elect noted with sad-

ness the death of George B. Vogt, a former

specialist on leaf-feeding Coleoptera with

the U.S. Department of Agriculture's Sys-

tematic Entomology Laboratory and a

member of this Society since 1947. The
Smithsonian Institution has acquired

George's collection.

The divers decisions of the Executive

Committee elicited several comments. Edd
Barrows suggested that more students and

other young people might be drawn to our

annual banquet if their tickets were subsi-

dized by the Society. However, in light of

our escalating deficit, T. J. Spilman coun-

tered that students should first be encour-

aged to attend regular meetings, and any
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financing of student banquet tickets should

be bome by banquet attendees rather than

the membership at large. Edd offered to

compromise by selling tickets to students at

half price, while Harry Painter recom-

mended a separate student membership fee.

President-Elect Smith assured all concerned

that their suggestions would receive a fair

hearing at the January meeting of the Ex-

ecutive Committee.

Lance A. Durden exhibited an important

new compilation, Insects and the Rain For-

ests of South East Asia ( Wallacea), edited

by W. J. Knight and J. D. Holloway, 1990,

pubUshed by the Royal Entomological So-

ciety of London, iv + 343 pages, ISBN
0-90546-76-3. This book contains the pro-

ceedings of a special symposium held in

London in 1988 and devoted to "Project

Wallace," an expedition to Sulawesi, In-

donesia, organized and conducted by the

Royal Entomological Society of London in

1985. The work contains a number ofchap-

ters on biogeography and ecology but also

some on systematics, of which one, entitled

"Zoogeographical Implications for Rodent

Ectoparasites in Sulawesi," was written by

Dr. Durden and Dr. Robert Traub, both

members of our Society and arguably the

two best ectoparasitologists currently work-

ing in the National Capital area.

Edd Barrows displayed two appealing

publications for entomologists of all ages,

Dragonflies of the Florida Peninsula, Ber-

muda and the Bahamas, by Sidney W. Dun-
kle, 1989, a Scientific Publishers Nature

Guide, Gainesville, x + 155 pages, ISBN
0-945417-23-3, which simply drips with

glorious color photographs of these legend-

ary creatures; and Insects, A Close- Up Look,

by Peter Seymour, illustrated by Jean Cas-

sels Helmer, 1984, a Science Action Book
published by Macmillan, New York, 10 un-

numbered boards, ISBN 0-02-782 120-X,

which contains several sturdy insect pull-

outs and pop-ups for younger entomo-

philes.

John H. Pales announced that Lance Dur-

den's sighting ofthe long-tailed skipper, Ur-

banus proteus (Linnaeus), at the National

Zoo, reported in the November minutes,

constitutes the first record of this insect from

the District of Columbia. However, 1990

appears to have been a banner year for U.

proteus, which in Maryland was seen as far

north as Gaithersburg in upper Montgom-
ery County and which reappeared in Calvert

County from 4 September through 14 Oc-

tober, after having been absent there since

11 August 1948. Also in Calvert County,

John collected the Carolina satyr, Her-

meuptychia hermes sosybius (Fabricius), at

Flag Ponds Nature Park on 1 1 September

and observed additional specimens on 2 and

9 October; the only former Calvert County

record dates from 21 August 1960. And at

Plum Point on 24 November, John ob-

served a fresh specimen of the Compton
tortoise shell, Nymphalis vau-album (Denis

and Schiffermiiller), feeding on decaying

dogwood berries— a new record for Calvert

County of this occasionally migratory and

somewhat mysterious insect that usually

ranges no farther south than northern New
England. John exhibited specimens of all

three butterflies, which are now on Mary-

land's endangered list, adding that the mon-
arch seems to have fared better in southern

Maryland this year than in seasons past.

Warren E. Steiner, Jr. exhibited slides and

specimens of so-called giraffe beetles, curi-

ous rhynchitine weevils (Curculionidae) that

are sometimes placed in a separate family,

the Attelabidae. During a recent expedi-

tion to the forests of Madagascar, Warren

was able to collect and study these beetles,

in which the head and prothorax are ex-

tremely elongate and capable ofbeing raised

or lowered like a steam shovel. Females

characteristically roll the leaves on which

they oviposit, and examples of their work

were also circulated amongst the audience.

The speaker for the evening was William

A. Bruce, Bee Research Laboratory, Agri-

cultural Research Service, U.S. Department

ofAgriculture, whose talk was entitled "The
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Straw Itch Mite: A Most Unusual Parasit-

oid." The straw itch mite, Pyemotes tritici

(Lagrdze-Fossat and Montagne) (Acari-

formes: Pyemotidae), is known to attack a

variety of stored product insects. If efficient

mass rearing techniques can be devised, this

species may even prove useful against such

intransigent pests as tent caterpillars (La-

siocampidae: Malacosoma spp.) and fire ants

(Solenopsis spp.). As a biocontrol, the mite's

advantages include phenomenal reproduc-

tive potential, a cosmopolitan distribution,

a short life cycle of just 4 to 7 days, no

intermediate host or food source, and pop-

ulations that are 95% female, with mating

at birth. In the laboratory, enormous col-

onies of straw itch mites have been reared

and synchronized on pupae of the cigarette

beetle, Lasioderma serricorne (Fabricius)

(Anobiidae), packed in flour media. Mites

sprinkled on such pupae begin ingesting he-

molymph and injecting toxin within 24

hours; in just 48 hours, the pupae are drained

dry. An important goal of Dr. Bruce's re-

search is development of artificial rearing

media, which would enhance the efficiency

and lower the cost of biocontrol operations,

while opening the door to utilization of re-

lated acarine parasitoids. The ideal medium
would be easy to prepare, inexpensive, yield

large numbers of progeny, and not disrupt

normal mite behavior. Dr. Bruce illustrated

his presentation with a series ofelegant slides

showing virgin female mites developing

within their physogastric mothers. Males

patrol the surface of the swollen maternal

cuticle and joust with one another for the

privilege of seizing and inseminating young

females the instant they leave their mother's

genital aperture. Did you catch that, Vic

Adler?! This mite's potent toxin consists of

two proteins that are known to produce a

severe dermatitis in man, but recently one

of these has been characterized, cloned, and

incorporated into a baculovirus for possible

use as a bio-insecticide.

President-Elect Smith distributed an-

nouncements for a new ESW publication, A
Handbook ofthe Families ofNearctic Chal-

cidoidea, by E. Eric Grissell and Michael E.

Schauff, Systematic Entomology Labora-

tory, U.S. Department of Agriculture, which

is intended to provide amateurs and pro-

fessionals alike with a systematic overview

of the families and subfamilies of these par-

asitic Microhymenoptera. The guide is 86

pages long, spiral-bound, contains over 1 20

illustrations, and will sell for just $10.

Though designed primarily for use in the

Nearctic region, nearly all Neotropical m-
formation is included, making this essen-

tially a syllabus for New World workers.

To conclude this final meeting of 1990,

President-Elect Smith warmly thanked our

fine cadre of officers and volunteers, who
have unstintingly given of their time to en-

sure that our Society remains this nation's

preeminent regional entomological organi-

zation. Among outgoing officers this year

are two deserving special mention: Geoff'

White, though absent this evening, has loy-

ally served as our Membership Chairman

for the last eight years; and Rich Robbins,

our Recording Secretary from 1988 through

this year, also served as Corresponding Sec-

retary from 1983 to 1987. The President-

Elect presented Rich with a handsome Cer-

tificate of Appreciation that almost left the

Recording Secretary speechless— but not

quite. Mustering his memories of George

Edwards and Duncan Pimie, those golden

throats of yore at New York City's WQXR
radio, Rich thanked his audience but re-

minded them: "To be fully informed, read

The New York TimesV
Visitors were introduced and, in a twin-

kling, the President-Elect ascended to the

Presidency by passing the gavel from his left

hand to his right, therewith adjourning the

meeting at 10:10 p.m. Refreshments fol-

lowed.

Richard G. Robbins, Recording Secretary
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"Handbook of the Families of Nearctic

Chalcidoidea (Hymenoptera)," by E. Gris-

sell and M. Schauffwas processed for print-

ing.

The initial stages were completed pre-

paratory to publishing a new Memoir on

"Biology and Phylogeny of Curculionoi-

dea," which is the proceedings of a sym-

posium on that subject held at the XVIII

ICE in Vancouver in July 1988. The Mem-
oir contains 10 articles and is edited by R.

Anderson, Canadian Museum of Nature,

Ottawa, Ontario.

Many reviewers helped improve the qual-

ity of the published manuscripts, the mem-

bers of the Smithsonian Department of En-

tomology and the USDA Systematic

Entomology Laboratory have been especial-

ly helpful. I am indebted to F. Christian

Thompson for attending to the processing

details involved in getting the new hand-

book and memoir ready for publication. I

thank Marie Westfall, my able assistant, for

her help, not only in routine routing ofman-
uscripts through the review process, but for

suggestions on streamlining the process and
for catching many of my errors.

Robert D. Gordon, Editor
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TWO NEW SPECIES OF ELEODES (COLEOPTERA: TENEBRIONIDAE)
FROM MEXICAN CAVES

Charles A. Triplehorn and James R. Reddell

(CAT) Department of Entomology, The Ohio State University, Columbus, Ohio 43210;

(JRR) Texas Memorial Museum, The University of Texas, Austin, Texas 78705.

Abstract.—T^o new species, Eleodes (Caverneleodes) sprousei and E. (C.) rugosifrons,

are described from caves in Nuevo Leon and Tamaulipas and from caves in Coahuila

and Nuevo Leon, respectively. A key to the five known species ofthe subgenus is presented.

Key Words: Tenebrionidae, Eleodes, cave biology, darkling beetles

The junior author has been collecting cave

dwelling arthropods for many years and has

contributed a vast amount of information

on the fauna of that unique habitat. The
following descriptions of two remarkable

new species are based on specimens he has

sent to the senior author who has had a long

standing interest in the genus Eleodes.

Eleodes (Caverneleodes) sprousei,

Triplehorn and Reddell,

New Species

Fig. 1

Holotype, female: Length: 16.4 mm;
width: 6.6 mm. Body elongate, slender,

moderately shiny, dark brownish black.

Head subquadrate, % as long as broad,

flattened; clypeal suture obsolete except lat-

erally, epistomal margin truncate, labrum

and sides ofmandibles densely clothed with

long, pale setae, surface sparsely and shal-

lowly punctate, each puncture with a

brownish seta, some of which (on clypeus

and around eyes) are very long; eyes small,

narrow, slightly reniform; antenna long,

slender, basal 8 segments filiform, segments

9 and 10 moniliform, apical segment elon-

gate and obliquely pointed, relative length

of antennal segments (from base to apex):

2:1:5.5:3:3:3:3:2.5:2.5:2:3. Mentum trans-

verse, lateral lobes fully exposed and con-

spicuous, median lobe with a conspicuous

median longitudinal carina.

Pronotum 0.8 as long as broad, feebly

convex from side to side, widest about mid-

dle, strongly narrowed in basal half, mar-
ginal bead strong and entirely visible from

above; apical margin concave, angles

rounded; basal margin straight, angles ob-

tuse; surface finely, shallowly and sparsely

punctured, a few long brownish setae arising

from punctures laterally.

Scutellum transverse, rounded caudally,

impunctate.

Elytra convex, abruptly deflexed on api-

cal V(,\ marginal bead strong, reflexed, visible

from above except about middle Vy, surface

with widely spaced, shallow punctures which

are subserially arranged; lateral and apical

punctures bearing long, fine, brownish se-

tae.

Legs short, slender, conspicuously setose,

all tibial spurs short and subequal, protarsus

with plantar grooves on 3 basal segments

interrupted by dense golden setae; meso-

and metatarsus with coarser golden setae

along (but not interrupting) plantar grooves.

Entire ventral surface (except epipleura)

bristling with pale, brownish setae that arise
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from punctures; punctures fine and sparse,

somewhat muricate, except terminal ab-

dominal segment has coarse, dense punc-

tures on its peripher>'. Genital segment

elongato-triangular in outline, ovipositor

valve (Fig. 3) with dorsal plate elongate,

convex, glabrous, appendage subapical in

position, mamilliform with one long me-
dian seta and a few smaller ones on the

periphery.

Allotype, male: Almost identical to fe-

male but slightly smaller and more slender;

protarsus with plantar setae on 3 basal seg-

ments denser and longer; aedeagus (Figs. 4,

5) with apex very thin, deflexed, spatulate.

Variation.—The long setae of the pro-

notum and elytra are easily abraded. In some
pinned specimens they are almost com-
pletely absent. The setae remain relatively

intact on specimens preserved in fluids.

Otherwise, the series is very uniform. 114

specimens examined: Length: 14.2 to 19.0

mm; width: 5.7 to 8.3 mm.
Diagnosis.—The form of the female gen-

italia, long, slender antennae, reduced eyes

and carinate median lobe of the mentum
suggest placement of this species in the sub-

genus Caverneleodes (Triplehom 1975). It

is distinct from all known members of the

subgenus (and the similar subgenus Meta-

blapylis) in having the plantar grooves of

the basal 3 protarsal segments interrupted

by compact tufts of golden setae in both

sexes, but more highly developed in the

male. The lateral marginal bead ofthe elytra

is visible throughout most of its length, and
the pronotum and elytra are sparsely clothed

laterally and apically by long brownish se-

tae. That combination of characters should

enable easy recognition of the species.

Types.— Holotype (2): Mexico, Tamauli-

pas, Cueva del Borrego, 0.5 km S of Con-
rado Castillo, 4 1 km NW Ciudad Victoria,

1960 m, 18 April 1982, Peter Sprouse. Al-

lotype (S): Same data. Paratypes: 8 from same
locality, 25 April 1981, T. Treacy (4), 11

November 1979, P. Sprouse (2), 19 May

1980, P. Sprouse and L. Wilk (1), 25 April

1981, A. Waddington(l).

105 additional paratypes from caves in

the same area: Nuevo Leon: Sotano de Agua
de las Vacas, 1 km NNE Agua de las Vacas,

2050 m; Sotano del Cafe Molido, Cuauhte-

moc, 2295 m; Sotano de Canada Verde, 0.3

km E Caiiada Verde, 1 940 m; Sotano de las

Cuisillos, 1250 m NW Agua de las Vacas,

2040 m; Pozo de las Dos Virgenes, 1400 m
S Ejido Cuauhtemoc, 2240 m; Sotano de

Dulces Nombres, 0.5 km E Dulces Nombres,

2010 m; Cueva de la Foija, 1 km N Chu-

paderos, 9 km W Dulces Nombres, 1860 m;

Pozo del Futbol, Cuauhtemoc, 2240 m;

Cueva Humada, Chupaderos, 9 km W
Dulces Nombres, 1900 m; Pozo de Maguey
Verde, 1 km NW Revilla, 2170 m; Cueva
del Mono, 3 km E Garza, 8 km W Dulces

Nombres, 1270 m; Cueva del Pino, San Jose

de las Boquillas; Sotano de Sabado, 1 km
SW La Escondida, 2460 m; Cueva del Soya-

te Viejo, 1 km NW La Escondida, 2700 m;

Sotano de El Techito, 2.5 km S Ejido

Cuauhtemoc, 6.5 km S Revilla, 2300 m;

Sotano de los Tres Pajaritos, 1 km SSW La

Escondida, 2510 m; Sotano de las Tres Ven-

tanas, 1400 m S Cuauhtemoc, 2210 m; So-

tano Triangulo, La Escondida, 2500 m;

Cueva de El Viejo, 1 km SW La Escondida,

7.5 km E Zaragoza, 2550 m. Tamaulipas:

Cueva de la Aprendiza, Conrado Castillo,

1930 m; Cueva del Arado, Yerbabuena,

1470 m; Cueva de los Arqitos, Yerbabuena,

1430 m; Pozo del Arrecife, 0.8 km NE Ran-

cho Nuevo, 2655 m; Cueva del Borrego, 0.5

km S Conrado Castillo, 1960 m; Cueva la

Brujita, 4 km NW Los San Pedro, 1975 m;

Sotano de las Calenturas, 0.7 km S Yerba-

buena, 1450 m; Cueva del Ciempies, Los

San Pedro, 1520 m; Cueva de los Chirrio-

nes, 3 km NW Los San Pedro, 1810 m;

Cueva de las Columnas, 1 .7 km SE Revilla,

2370 m; Sima Doble, 1 km N Conrado Cas-

tillo, 2000 m; Cueva del Equinoccio, 0.5 km
N Conrado Castillo, 1940 m; Cueva de la

GaUina Muerta, Conrado Castillo, 1920 m;
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Cueva de las Hoyas, 2 km SE La Asuncion,

Municipio de Jaumave; Cueva de los In-

sectos, Conrado Castillo, 2100 m; Cueva de

la Llorona, 3.5 km SSE Yerbabuena, 1860

m; Pozo del Madrono, 0.8 km NE Rancho
Nuevo, 2660 m; Cueva de la Onza, 0.5 km
N Conrado Castillo, 1940 m; Cueva de las

Papitas, 0.8 km SE Revilla, 2200 m; Cueva
del Pedemal, 2 km N Conrado Castillo, 2 1 20

m; Pozo del Peso, 5 km N Rancho Nuevo,

2580 m; Sistema Purificacion (Sumidero de

Oyamel Section), 1 km N Conrado Castillo,

1950 m; Cueva de las Quitanieves, 1 km SE
Los San Pedro. 1470 m; Pozo de la Rata,

0.8 km N Rancho Nuevo, 2640 m; Cueva
de Revilla, Rancho Revilla, 23 10 m; Cueva
de las Rojos, 2 km SE La Asuncion; Pozo de

las Rudistas, 0.8 km NE Rancho Nuevo,

2640 m; Cueva de la Sala Bonita, 500 m E
Los San Pedro, 1 460 m; Cueva de la Sangre,

Los San Pedro, 1870 m; Cueva del Ter-

minal, Los San Pedro. 1480 m; Pozo de

Tinajas Prietas, 2 km NNW Caballos,

1600 m.

Holotype, allotype and paratypes depos-

ited in United States National Museum of

Natural History, Washington, D.C. Para-

types deposited in California Academy of

Sciences, San Francisco, collections of The
Ohio State University, Columbus, Ohio,

The University of Texas, Austin and Mu-
seum of Comparative Zoology, Harvard

University.

Etymology.— This species is named in

honor of Peter Sprouse, who collected most

of the specimens included in this study.

Biology.—This species is known only from

a portion of the Sierra Madre Oriental

known informally as the Purificacion re-

gion. This is one of the great karst regions

of the world with hundreds of caves now
known and probably as many more await-

ing discovery. The longest cave in Mexico,

Sistema Purificacion, occurs in the region.

It presently contains more than 70 km of

surveyed passage and attains a depth ofmore
than 900 meters. Eleodes sprousei has been

taken from caves at an altitudinal range of

1270 to 2700 m. It has been taken from a

wide variety of caves, including largely hor-

izontal caves and blind pits (known as s6-

tanos in the area). Most specimens were

taken in the general vicinity of entrances,

but some have been found in total darkness.

The abundance of the species in the caves

of the area indicates that this is a troglo-

phile, capable of reproducing in the dark-

ness of caves but not demonstrating any

morphological adaptations (such as eyeless-

ness and depigmentation) to restrict it to the

cave habitat. This part of Mexico, due to

its remoteness (it is a 1 2 hour 4-wheel drive

to reach the main karst region), is still poor-

ly known with respect to its epigean fauna,

and this species will probably be taken on
the surface.

A remarkable array ofcave fauna is known
from this region, including a number of un-

usual beetles. Many of the same caves in

which this species has been found are in-

habited by blind carabids of the genera

Mexisphodrus and Mexaphaenops and the

blind leiodid Ptomaphagus (Adelops)

mckenziei Peck. Other beetles inhabiting the

caves, but not restricted to them, include

staphylinids of the genera Eustilicus, Oso-

rius, and Philonthus. The only other teneb-

rionid known from the caves of this area is

Mitys inflatus Champion, which was col-

lected in Sotano de las Calenturas in asso-

ciation with Eleodes sprousei.

Eleodes (Caverneleodes) mgosifrons,

Triplehorn and Reddell

New Species

Fig. 2

Holotype, female: Length: 18.2 mm;
width: 6.2 mm. Body elongate, slender, sub-

opaque, with very fine microsculpture,

black.

Head ^/jo as long as broad, widest across

reflexed sides above greatly swollen sides of

head above antennary orbits, deeply con-

cave behind clypeus which is convex, de-
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6kH C^dck ?^'

Fig. 1 . Eleodes sprousei, female, habitus.
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Fig. 2. Eleodes rugosifrons, female, habitus.
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Figs. 3-8. 3. Eleodes sprousei, ovipositor, dorsal. 4, 5. Eleodes sprousei, aedeagus, lateral (4), dorsal (5). 6.

Eleodes rugosifrons, ovipositor, dorsal. 7, 8. Eleodes rugosifrons, aedeagus, lateral (7), dorsal (8).

flexed anteriorly and well defined, apex sub-

truncate; surface coarsely and densely

punctured, rugose on frontal depression; eyes

small, strap-like; antenna long, slender, bas-

al 8 segments filiform, segments 9 and 10

moniliform, terminal segment small,

obliquely pointed, relative lengths of anten-

nal segments (from base to apex): 1.5:1:4.5:

2:2:2:2:2:1.5:1.3:1.5. Outer face of mandi-
ble coarsely, longitudinally rugose; mentum
transverse, lateral lobes fully exposed; me-

dian lobe with a strong median longitudinal

carina which is not prolonged anteriorly.

Pronotum 0.8 as long as broad, strongly

convex from side to side, widest at middle,

sides nearly parallel in anterior half, rapidly

converging posteriorly; lateral marginal bead

very fine, entirely visible from above; an-

terior margin truncate, angles rounded; bas-

al margin feebly concave, angles obtuse;

surface with moderately coarse, almost per-

fectly round, perforate punctures, most
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punctures separated by less than their di-

ameters but without tendency to coalesce.

Scutellum transverse, bluntly triangular,

impunctate.

Elytra strongly convex, marginal bead

visible only in basal '/4, abruptly deflexed

behind, surface punctate-striate, punctures

perforate and each bearing a minute pale

seta; intervals with a series of smaller, more

widely spaced, similarly setose punctures;

sutural and two adjacent intervals becoming

strongly convex on apical declivity.

Legs moderately long, slender, coarsely

and densely punctured (especially tibiae),

punctures minutely setose; tibial spurs all

short, subequal; plantar grooves entire, bor-

dered by short, stout brownish setae.

Entire ventral surface coarsely and dense-

ly punctured (rugose on prostemum); pro-

sternal process horizontal, acutely pro-

longed; mesosternum swollen, deeply

excavate, rugosely sculptured; punctures

each bearing a minute pale seta. Genital seg-

ment elongato-triangular in outline, ovi-

positor valve (Fig. 6) with dorsal plate elon-

gate, convex, glabrous, appendage subapical

in position, extremely minute, with a single

long seta.

Allotype, male: Outwardly indistinguish-

able from female. Length: 17.0 mm; width:

6.1 mm; aedeagus (Figs. 7, 8) simple, un-

modified.

Variation.—The five specimens exam-

ined are remarkably similar, with only a

slight variation in size. Length: 17.0 to 18.5

mm; width: 6.1 to 6.5 mm.
Diagnosis.—This species is placed in the

subgenus Caverneleodes because ofthe form

of the ovipositor, the long slender antennae,

and the carinate middle lobe ofthe mentum.

It is a radical departure from other members
of the subgenus and may easily be recog-

nized by the greatly swollen sides ofthe head

above the antennary orbits, the concave and

rugosely punctured frons and clypeus and

the coarse, perforate punctures of both dor-

sal and ventral surfaces. The minute ap-

pendage of the ovipositor valve is likewise

diagnostic.

Types.—Holotype (9): Mexico, Coahuila,

Cueva de los Grillos (on dry silt near en-

trance), 24 July 1965, J. Reddell, J. Fish.

Allotype (6): same data. Paratypes: Mexico,

Coahuila, Pedregoso Hidden Cave, 20 mi.

SE of Cuatro Cienegas, 30 December 1969,

J. Reddell, W. Russell, W. Calvert (1); same

area and date, Pedregoso Circle Cave, J.

Reddell, W. Russell (1); Mexico, Nuevo
Leon, Cueva de las Cercetas, 13 km W of

Bustamante (550 m), January 1989, D.

McKenzie (1).

Holotype and allotype deposited in Unit-

ed States National Museum ofNatural His-

tory: paratypes deposited in collections of

The Ohio State University, Columbus, and

The University of Texas, Austin.

Etymology.—The name is descriptive of

the rugosely punctured front of the head.

Biology.— The caves from which this spe-

cies was collected are all dry and located in

desert terrain. Cueva de los Grillos is a small

passage formed by the solution of a bed of

gypsum in the surrounding limestone bed-

rock. Pedregoso Circle Cave and Pedregoso

Hidden Cave are located on a cliff face and

are formed in limestone. Cueva de las Cer-

cetas is formed in a deposit ofgypsum bed-

rock. The specimens were all taken from silt

on the floor near the entrance.

Key to Known Adults of the

Subgenus Caverneleodes^

1. Frons and epistoma coarsely, rugosely punc-

tured; pronotal punctures coarse and dense (as

in Fig. 2) E. rugosifrons n. sp.

r. Frons and epistoma finely, more sparsely (at

least not rugosely) punctured; pronotal punc-

tures fine and sparse (as in Fig. 1 ) 2

2. Elytra with marginal bead strongly developed

at humeri and visible from dorsal view in basal

'A or more of elytra (as in Fig. 1 )

E. sprousei n. sp.

' There are additional species to be described so this

key should be used with that in mind.
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2'. Elytra with marginal bead feebly developed at

humeri and not visible from above much be-

yond them (as in Fig. 2) 3

3. Pronotum sinuate just before base, marginal

bead distinct, entirely visible from above, well

defined at basal angles . . /:. castcrlai Triplehorn

3'. Pronotum not sinuate at base, marginal bead

extremely fine and not entirely visible from

above, basal angles obsolete 4

4. Mentum with conspicuous, anteriorly direct-

ed, finger-like process; clypeus swollen and,

continuous with gcnae, creating a transverse

concavity in fronto-clypeal area

E. labialis Triplehorn

4'. Mentum with weak median carina; clypeus not

swollen, poorly defined and smoothly contin-

uous with frons E. Icptoscelis Triplehorn
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SEPARATION AND REDESCRIPTION OF HORMAPHIS HAMAMELIDIS
(FITCH 1851) AND HORMAPHIS CO/?A^t/ (SHIMER 1867)

(HOMOPTERA: APHIDIDAE) ON WITCH-HAZEL IN
THE EASTERN UNITED STATES

Carol D. von Dohlen and Manya B. Stoetzel

(CDVD) Department of Zoology, University of Maryland, College Park, Maryland

20742; (MBS) Systematic Entomology Laboratory, Agriculture Research Service, U.S.

Department of Agriculture, Beltsville, Maryland 20705.

Abstract.—Tht taxonomic history of the genus Hormaphis and its nominate species,

H. hamamelidis is reviewed. Two distinct species of aphids, previously grouped under

the name Hormaphis hamamelidis (Fitch), are now recognized and redescribed. While

both species form conical galls on the leaves of witch-hazel, each has a different life cycle

and geographic distribution. Hormaphis hamamelidis (Fitch) is found in northern and

high elevation regions of eastern United States and has an autoecious, 3-generation life

cycle. The first complete description of all developmental stages is provided. Hormaphis
cornu (Shimer) is confined to low elevations in the mid-Atlantic and southern regions of

the United States, and its 7-generation life cycle includes host-alternation between witch-

hazel and river birch. Six distinct forms o{ Hormaphis cornu are redescribed. In addition,

it is established that all other known species currently placed in the tribe Hormaphidini

belong to the genus Hamamelistes.

Key Words: taxonomic history, conical galls, hosts

The taxonomy of North American Hor- antennae— none of which represent the

maphidini has been confused at both the aphid in question.

generic and specific levels. The first species Except for the 1851 paper by Fitch, the

described in this tribe was an aphid inhab- taxonomy of North American Hormaphi-
iting cone-shaped galls (Figs. 1, 2) on the dini has comprised only two genera, Hor-

upper surface of witch-hazel (Hamamelis maphis Osten-Sacken (1861) and Hama-
virginiana L.) leaves in New York State, melisles Shimer (1867). At present, the

Fitch (1851) gave it the name Brysocrypta genera are separated by two characters: (1)

hamamelidis. Few morphological charac- the number of antennal segments in alates

ters were provided, the alates mistakenly {Hormaphis with 3 and Hamamelistes with

were described as males, and both the ge- 5) and (2) the presence or absence of a cubi-

neric name and that of its author, Haliday, tus vein in the hindwing {Hormaphis with

were misspelled. Furthermore, it is unclear cubitus vein absent and Hamamelistes with

why the aphid was placed in this genus, be- cubitus vein present),

cause the diagnostic characters of Byrso- The genus Hormaphis was first proposed

crypta Haliday include attributes such as 3 by Osten-Sacken in 1861 for his new spe-

simple discoidals on the forewing, 2 simple cies, Hormaphis hamamelidis, an aphid col-

discoidals on the hindwing, and 6-jointed lected from conical galls on witch-hazel near
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Figs. 1, 2. Ilornmplus hamamelidis type 87 L fol-

licle. 1, Cone-shaped gall. 2, Tufted opening at bottom

of gall.

Washington, D.C. Osten-Sacken noted only

that the antennae had ring-Hke sensoria and

indistinguishable joints in the last segment,

and that the cubitus veins in the forewing

were joined in a fork. Walsh (1867) specu-

lated that Osten-Sacken was unaware of

Fitch's 1851 publication and the use of the

specific epitaph hamamelidis, and that Os-

ten-Sacken's use of the identical specific

name was coincidental.

Working with Illinois populations, Shi-

mer (1867) described two new species of

aphids on witch-hazel in his new genus, Ha-
mamelistes. He named the aphid from con-

ical or horn-like leaf galls Hamamelistes
cornu, and described the alates as having

3-jointed antennae with approximately 36

sensoria on the third antennal segment; the

conical galls were '/2 to % inches in height

and sometimes constricted at the base. The
aphid from spiny flower galls he named
Hamamelistes spinosus, and described the

alates as having 5 -jointed antennae. While

his paper was in press, Shimer saw Fitch's

1851 publication but dismissed any con-

nection between the aphids because of the

generic characteristics of Byrsocrypta.

Oestland's (1887) treatment o{ Horma-
phis Osten-Sacken stated that the antennae

were 5-jointed and the hindwing had a cub-

itus vein; he included also a description of

his new species H. papyraceae. In fact, the

genus Oestlund described is Hamamelistes

Shimer (1867) and his new species H. papy-

raceae is the birch form of the host-alter-

nating Hamamelistes spinosus Shimer
(1867).

Hormaphis was mentioned several other

times in the early literature in keys or brief

descriptive notes, in which it seemed to en-

compass either both genera, or to describe

the current concept of Hamamelistes: e.g.

antennae 3- to 5-jointed (Thomas 1877) or

hindwing with 1 cubitus vein and antennae

5-jointed (Sanborn 1904, Jackson 1907).

Thomas (1877) catalogued the aphid from

conical galls twice: (1) as Pemphigus hama-
melidis Fitch with a copy of Fitch's original

sparse description, claiming that it appeared

to be closely related to Pemphigus, but not-

ing that the aphid might prove identical to

Hormaphis hamamelidis Osten-Sacken, and

(2) as Hormaphis hamamelidis Osten-Sack-

en, listing a few characters of the gall alate

such as hindwing with one discoidal vein

and (inexplicably) 3- to 5-jointed antennae.

In his extensive work on both Hormaphis
and Hamamelistes, Pergande ( 1 90 1 ) settled

the confusion over distinction of the two

genera by reporting that the developmental

forms ofevery generation o{Hormaphis had

only 3 antennal segments and that alates

had only a medius vein in their hindwings

(see Pergande 1901, fig. 5). The alates of

Hamamelistes, on the other hand, had 5

antennal segments and hindwings with both

medius and cubitus veins (see Pergande

1901, fig. 16).

Tullgren (1909) concurred with Per-

gande's (1901) work on the generic diag-
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nosis based on antennal segmentation.

Mordvilko (1909) also separated the genera

with this character, and most later keys

(Bomer 1930, Palmer 1952) distinguish

Honnaphis and Hamamelistes by the num-
ber of antennal segments as well as hind-

wing venation.

While previous authors had examined

only gall inhabitants, Pergande (1901) de-

scribed the complete life cycles of both the

cone-gall and spiny-gall aphids near Wash-

ington, D.C. He discovered both species

were host-alternating between witch-hazel

and river birch {Betula nigra L.), and com-

pleted seven and six clonal generations, re-

spectively. From uncleared material, Per-

gande described all developmental forms of

the aphids, calling the cone-gall aphid Hor-

maphis hamamelidis (Fitch), and the spiny

flower-bud gall aphid Hamamelistes spi-

nosus Shimer.

After studying populations of the cone-

gall aphid in New York state, Morgan and

Shull (1910) questioned whether the het-

eroecious cycle as described by Pergande

(1901) applied to aphid populations in their

region. In Cold Spring Harbor, alates

emerging from galls contained sexual em-

bryos and did not migrate; thus Morgan and

Shull (1910) surmised that birch apparently

was not an obligate secondary host. Based

on Morgan and Shull's (1910) publication

only and without further descriptive infor-

mation, Bomer (1952) gave the autoecious

aphid the new name, Honnaphis shulliana.

To answer questions raised by Morgan

and Shull (1910) about the life cycle of the

cone-gall aphid, von Dohlen and Gill ( 1 989)

conducted a comparative study of Hor-

maphis aphids in Virginia and other parts

of the eastern U.S. They found that popu-

lations at low elevations in low latitudes

(south of approximately 36°N) followed the

7-generation, host-alternating life cycle that

Pergande (1901) had described, but that

populations at high elevations and northern

latitudes had the much reduced autoecious

cycle of only the fundatrix, alate sexuparae,

Figs. 3, 4. Hormaphis hamamelidis fundatrix. 3,

1st instar. 4, Adult.

and sexuales, noted by Morgan and Shull

(1910). Autoecious and heteroecious aphids

were found together only at one site in

Maryland, 50 km northwest ofWashington,

D.C. In further work, it was established that

both host-alternating and autoecious pop-

ulations retained their respective life cycles

when transplanted to the opposite environ-

ment (von Dohlen and Gill, in prep.). Ovip-
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arae and males from the different popula-

tions interbred readily (von Dohlen and Gill

1989), but no viable offspring resulted from

hybrid matings (von Dohlen and Gill, in

prep.).

The evidence above on geographic dis-

tributions of autoecious and host-alternat-

ing aphids and genetic stability of life cycles,

coupled with the morphological differences

described here, indicate that aphids with the

different life cycles are indeed separate spe-

cies.

In this paper we describe all develop-

mental stages (fundatrix, sexupara, and sex-

uales) of the newly recognized and never

adequately described autoecious species,

whose proper name is Hormaphis hama-

melidis (Fitch) (see below). Because the most

complete description ofthe host-alternating

species, whose correct name is Hormaphis

cornu (Shimer) (see below), was from un-

cleared specimens (Pergande 1901), we re-

describe this species for better comparison

to H. hamamelidis.

Materl\ls and Methods

Hormaphis aphids on witch-hazel and

river birch were studied in the eastern

United States from 1986-1989. Hormaphis

hamamelidis was collected in Virginia from

two highland sites, both at 1000 m eleva-

tion: the George Washington National For-

est (Rockingham County) and the Shenan-

doah National Park, Central Section

(Rappahannock County). Hormaphis cornu

was collected at lowland sites in the Dranes-

ville District Park, Dranesville, Virginia,

close to Pergande's original study site, and

at the U.S. National Arboretum in Wash-

ington, D.C.

Populations were sampled two to four

times per month throughout the growing

season (April to October at the highland

sites and March to November at the low-

land sites). Specimens were cleared in KOH
and mounted in balsam or were mounted
live in Hoyer's mounting medium.

Measurements of 28-30 individuals per

morph were made with a ZIDAS (Zeiss In-

teractive Digital Analysis System) and a

compound microscope.

Hormaphis Osten-Sacken, 1861

Hormaphis hamamelidis Osten-Sacken,

1861= Hormaphis cornu (Shimer, 1 867).

Hormaphidula Bomer, 1952, type species

Hormaphis betulae (Mordvilko, 1901) =

Cerataphis betulae Mordvilko, 1901.

The genus Hormaphis Osten-Sacken is

characterized by having in all developmen-

tal forms 3-segmented antennae and no cor-

nicles, and in alates only a medius vein in

the hindwing.

Hormaphis hamamelidis (Fitch 1851)

Brysocrypta hamamelidis Fitch, 1851.

Hormaphis hamamelidis (Fitch): Morgan &
Shull, 1910.

Hormaphis shulliana Bomer, 1952.

Hormaphis hamamelidis (Fitch): von Doh-

len and Gill (1989) [in part].

Description: Fundatrix (Figs. 3, 4): First

instar (Fig. 3). Body length 0.35-0.38 mm,
width 0.19-0.21 mm. Dorsal wax pores

large, in medial and marginal rows. On ab-

domen, dorsomedial wax pores usually lim-

ited to 1 pair each on segments 3 and 4 and

to a single pore each on segments 6 and 7.

Adult (Fig. 4). Color in life dark purple-

brown, broadly oval. Eye a triommatidion.

Apterous, body length 0.9-1.3 mm, width

0.7-0.9 mm. Dorsal cephalic setae length

0.9-1.4 X middle width antennal segment

III (antlll). Two pairs of thoracic spiracles;

2-3 pairs abdominal spiracles. Two pairs

wax glands on dorsum, one each between

1st and 2nd, 2nd and 3rd coxae. Cornicles

absent. Antenna 3-segmented; segments I

and II about equal in length and each with

2 setae, segment III 0. 1 2-0. 1 8 mm long and

2.0-3.2 X length hind tarsal segment II (tllh)

with 3 short thumb-like projections ven-

trally near apex and 4 short thick apical

setae which are 0.4-0.7 x middle width

antlll. Rostrum (segments II-V), length 0.8-
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1.2 X length antlll, reaching almost to 2nd

coxa, rostral segment II with 6 setae, III with

4 setae; apical rostral segment (ars) width:

length 0.6-0.9 and 0.9-1.3 x length cauda,

bearing 8 setae; longest seta 0.3-0.5 x width

ars. Coxae of all legs with 6 setae. Tibia of

hindleg 0.15-0.22 mm long with 6 setae in

a circle around the apex and 3-5 additional

along its length; longest tibial seta 0.8-1.3

x middle width tibia. Hindleg femur length

0.9-1.1 X length tibia with 2 short setae on

the anterior margin, 2 thick, blunt and 2

longer setae on apical margin and 1-4 ad-

ditional setae. Hindleg tarsal segment II

0.04-0.07 mm long and 0.26-0.35 x length

tibia, with (all legs) 2 pair short setae and

apically 2 long thick capitate setae (length

0.53-0.94 X length tllh) and 2 thinner

shorter tapered setae. Length femur foreleg

0.78-0.93 X femur hindleg, setae as in hind-

leg, tibia foreleg 0.65-0.80 x tibia hindleg,

setae as in hindleg except only 1-2 in ad-

dition to 6 apical. Length femur midleg 0.8 1-

0.94 X hindleg femur, setae as in hindleg

except only 1-2 additional, length tibia 0.70-

0.80 X hindleg tibia, setae as in foreleg.

Tarsal segment I (tl) setal pattern 2:2:2, lon-

gest seta tl hindleg 0.3-0.7 x length ventral

margin tlh. Genital plate with 8-20 setae,

longest seta 0.7-1.3 x longest caudal seta.

Anal plate bilobed with 6 (rarely 5) setae

each lobe, longest seta 0.7-1.3 x longest

caudal seta. Cauda rounded, 2.0-3.2 x

broad as long with 4-8 (usually 6) setae,

longest seta 0.6-0.9 x length cauda.

Sexupara (Figs. 5, 6, 24): Color in life:

Thorax dark purplish brown to black; wings

opaque, veins gray-brown. Eye, compound.

Alate, body (Fig. 6) length 1.1-1.7 mm.
Dorsal cephalic setae 5-14, longest 0.52-

1.35 X constricted basal width antlll. Ven-

tral cephalic setae 6-11. Two paris of tho-

racic spiracles; 4 pairs of spiracles on ab-

dominal segments 3-6. Cornicles absent.

Forewing (Fig. 5) 1.5-2.0 mm long, medius

unbranched, width cu-la 0.8-1.4 x width

medius, width cu-lb 0.8-1.8 x medius.

Hindwing (Fig. 5) 0.9-1.4 mm long with

Figs. 5, 6. Hormaphis hamamelidis sexupara. 5,

Wing venation. 6, Whole body.

medius only, booklets 2-3. Antenna 3-seg-

mented; length segment I 0.8-1.3 x seg-

ment II and each with 2 setae, segment III

0.25-0.43 mm long and 3.5-5.6 x length

tllh and bearing 19-27 annular secondary

sensoria (Fig. 24), 2 short sensory pegs ven-

trally near apex, and 4 short thick apical

setae, longest 0.9-1.7 x constricted basal

width antlll. Rostrum (segments II-V),

length 0.35-0.53 x length antlll, reaching

between 1st and 2nd coxae, setae as in fun-

datrix; ars width : length 0.6-1 .3 and length

1.0-1.8 X length cauda, longest seta 0.2-

0.6 X width ars. Coxae of all legs with 6

setae. Tibia of hindleg 0.29-0.36 in length

with 6 setae in a circle around the apex and

10-30 additional along entire length; lon-

gest tibial seta 0.57-0.97 x middle width
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tibia. Hindleg femur length 0.73-0.90 x

length tibia, with 2 short setae on anterior

margin, 2 thick, blunt and 2 longer tapered

setae on apical margin, and 1-11 additional

setae. Hindleg tarsal segment II 0.065-0.088

mm long and 0.20-0.28 x length hindleg

tibia, with (all legs) 2 pair short setae and

apically 2 long thick capitate setae (length

0.47-0.70 X length tllh) and 2 thinner,

slightly shorter capitate setae. Length femur

foreleg 0.75-1 . 1 1 x femur hindleg, setae as

in hindleg except 1-14 in addition to the 6

invariant; tibia foreleg 0.70-0.95 x tibia

hindleg, setae as in hindleg except 9-28 in

addition to 6 apical. Length femur midleg

0.73-0.99 X hindleg femur, setae as in hind-

leg except 8-13 in addition to 6 invariant;

length tibia midleg 0.70-1.0 x hindleg tibia,

setae as in hindleg except 1 2-26 in addition

to 6 apical. Tarsal segment I setal pattern

3:3:2, longest seta tl hindleg 1.1-1.9 x length

ventral margin tl. Genital plate with 17-35

setae; 6-16 secondary and 1 1-19 marginal

setae (no obvious primary setae), longest

seta 0.6-1.1 x longest caudal seta. Anal plate

bilobed with 7-9 setae right lobe, 7-9 left,

longest seta 0.8-1.3 x longest caudal seta.

Cauda knobbed, 1.0-1.6 x broad as long

with 8-10 setae, longest seta 0.7-1.2 x

length Cauda.

Ovipara (Figs. 7, 28): Color in life: Ju-

venile covered with fuzzy grayish wax se-

cretions; adult shiny, purplish black. Ap-

terous, body pyriform (Fig. 7), convex

dorsally and flat ventrally, no tubercles or

waxy secretions, highly sclerotized. Eye a

triommatidion. Body length 0.66-0.83 mm,
width 0.36-0.49 mm. Dorsal cephalic setae

length 0.7-1.5 x middle width antlll. Dor-

sal setae thick, slightly capitate, ventral ta-

pered. Two pairs of thoracic spiracles; 2-3

pairs abdominal spiracles. Two pairs wax
glands, between 1st and 2nd, 2nd and 3rd

coxae. Cornicles absent. Antenna 3-seg-

mented; segments I and II about equal in

length and each with 2 setae, segment III

0.13-0.20 mm long and 2.4-3.3 x length

tllh, with 2-3 short thumb-like projections

ventrally near apex and 4 short thick pro-

jections on apex with length 0.50-0.82 x

middle width antlll. Rostrum length 0.62-

0.97 X length antlll, reaching almost to 2nd

coxa, setae as in fundatrix; ars width : length

0.6-1.2, and 0.8-1.3 x length cauda, lon-

gest seta 0.2-0.7 x width ars. Coxae all legs

with 6 setae. Tibia ofhindleg 0. 1 5-0.20 mm
long with 7-19 pseudosensoria along entire

length (Fig. 28); setae as in fundatrix except

2-8 in addition to apical 6, longest tibial

seta 0.7-1.2 x middle width tibia. Hindleg

femur length 0.77-0.94 x length tibia, setae

as in fundatrix except 0-3 in addition to the

6 invariant. Hindleg tarsal segment II 0.046-

0.065 mm long and 0.26-0.35 x length tib-

ia, with (all legs) 2 pair short setae and api-

cally 1 pair long thick capitate setae (length

0.57-0.79 X length tllh) and 1 pair thinner,

slightly shorter capitate setae. Length femur

foreleg 0.83-0.99 x femur hindleg, setae as

in hindleg; length tibia foreleg 0.74-0.88 x

tibia hindleg, setae as in hindleg except 1-

6 in addition to 6 apical. Length femur mid-

leg 0.88-1.0 X hindleg femur, setae as in

hindleg except 0-4 additional; length tibia

midleg 0.78-0.88 x hindleg tibia, setae as

in hindleg except 2-6 additional. Tarsal seg-

ment I setal pattern 3:3:2, longest seta tlh

1.3-2.6 X length ventral margin tlh. Gen-

ital plate with 13-23 setae, longest seta 0.6-

1.7 X longest caudal seta. Anal plate bi-

lobed with 8 (rarely 9) setae each lobe, lon-

gest seta 0.9-1 .4 x longest caudal seta. Cau-

da knobbed, 1.0-1.5 x broad as long with

10 (rarely 12) setae, 2 longer than others,

longest seta 0.7-1.3 x length cauda.

Male (Figs. 8, 26): Color in life: Juvenile

and adult as in ovipara. Apterous, body dor-

soventrally flattened (Fig. 8), elongated pyr-

iform in shape, no tubercles or waxy secre-

tions, highly sclerotized. Body length 0.45-

0.60 mm, width 0.24-0.32 mm. Eye a

triommatidion. Dorsal cephalic setae length

0.6-1.3 X middle width antlll. Setae shape

as in ovipara. Two pairs wax glands as in

ovipara, 1-2 pairs spiracles. Cornicles ab-

sent. Antenna 3 -segmented; segments I and
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II about equal in length and each with 2

setae, segment III (Fig. 26) 0.15-0.21 mm
long and 3.3-4.7 x length tllh, with 1 1-22

short sensory pegs ventrally along distal ~ %
and 4 short thick projections on apex, length

0.41-0.71 X middle width antlll. Rostrum

length 0.51-0.79 x length antlll, reaching

between 2nd and 3rd coxae, setae as in fun-

datrix; ars width : length 0.7-1.2 and 1.0-

1.8 X length cauda, longest seta 0.25-0.64

X width ars. Coxae of all legs with 6 setae.

Tibia of hindleg 0.14-0.18 mm long, setae

as in fundatrix except 3-6 in addition to

apical 6, longest tibial seta 0.7- 1.6 x middle

width tibia. Hindleg femur length 0.80-0.94

X length tibia, setae as in fundatrix except

0-4 in addition to 6 invariant. Hindleg tar-

sal segment II 0.020-0.054 mm long and

0.24-0.36 X length tibia with setae as in

ovipara; length thick capitate setae 0.61-

0.90 X length tllh. Length femur foreleg

0.83-1.0 X femur hindleg, setae as in hind-

leg except 0-2 in addition to 6 invariant;

length tibia foreleg 0.75-0.91 x tibia hind-

leg, setae as in hindleg except 1-2 in addi-

tion to 6 apical. Length femur midleg 0.86-

1.0 X hindleg femur, setae as in hindleg

except only 0-1 additional; length tibia

midleg 0.76-1.0 x hindleg tibia, setae as in

foreleg. Tarsal segment I setal pattern 3:3:

2, longest seta tlh 1.5-2.6 x length ventral

margin tlh. Anal plate bilobed with 6 (rarely

8) setae each lobe, longest seta 0.5-1.2 x

longest caudal seta. Cauda knobbed, 1.0-

1 .7 X broad as long with 6-10 setae, longest

seta 0.7-1.2 x length cauda.

Overwintering egg: Pale orange yellow

when first laid, then darkening to shiny

black, 0.40 by 0.20 mm.
Gall: Conical with slight or no basal con-

striction, tip often bent to one side, pro-

truding from upper leaf surface and usually

on a major vein; length from tip to base on

leaf underside 6.3-11.8 mm (mean = 8.1)

and maximum width 3.1-5.5 mm (mean =

4.4). Base of gall on leaf undersurface cir-

cular and somewhat swollen beyond leaf

surface, the circular opening at first ob-

Figs. 7, 8. Hormaphis hamamelidis sexuales. 7,

Ovipara with eggs visible inside abdomen. 8, Male.

structed by plant hairs, later forming a small

exit hole. Color pale green, turning yellow.

Biology: The host is Hamamelis virgin-

iana L., witch-hazel, on which conical leaf

galls can be found from May through Sep-

tember. Eggs hatch in mid-April, and first-

instar fundatrices crawl to leaf buds. At bud

break (early May) first-instar fundatrices

start feeding on emerging leaves and galls

begin to form. By mid-June fundatrices are

mature, and they reproduce sexuparous

nymphs through September. Alate sexupa-

rae leave galls from late July to September

and produce nymphs of sexuales directly

onto the undersides of witch-hazel leaves.

From early August until late September,

oviparae and males are found on undersides

of witch-hazel leaves where they mature (by

late August) and mate. Each ovipara lays

several eggs in bark crevices on the host

plant, usually on older stems with more bark

texture but occasionally at the base of leaf

buds. Overwintering eggs are found on

witch-hazel from September to April. See

von Dohlen and Gill (1989) for additional

information.

Types: Cotypes cited in Fitch 1851 and

obtained from the New York State Muse-

um, Albany: No. 869, male (actually a

winged sexupara, and all that remains of the

pointed specimen is the thorax with frag-

ments oftwo wings and four legs); 870, larva

(all that remains of the pointed specimen is

an indistinguishable body); and No. 871
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Figs. 9, 10. Hormaphis haniunic/idis gall. 9, Cone-

shaped gall. 10, Tufted opening at bottom of gall.

(Figs. 1 , 2), follicle (the dried gall is in fairiy

good condition and measures 5.75 mm long

and 2.5 mm wide with the tip bent to one

side).

Material examined: Material collected on

witch-hazel, George Washington National

Forest (GWF), Rockingham County, VA,

C. D. von Dohlen: fundatrices, 6 on 14 VI

1985, 23 on 14 VII 1987; sexuparae, 16 on

3 VIII 1985, 3 on 17 VII 1986, 22 on 9 VIII

1987; males, 8 on 15 IX 1986, 12 on 25 IX

1986; oviparae, 5 on 2 IX 1985, 35 on 25

IX 1986, 31 on 29 VIII 1988. Additional

material collected on witch-hazel, Shenan-

doah National Park, Rappahannock Coun-

ty, VA, C. D. von Dohlen: fundatrix, 1 on

14 VI 1985; males, 6 on 12 IX 1986, 2 on

14 IX 1986.

Distinguishing characteristics: Life cycle:

Hormaphis hamamelidis fundatrices ma-
ture in mid-June and persist until late Sep-

tember, and sexuparae leave galls from late

July to late August, whereas H. cornu fun-

datrices mature in early May and live until

mid-June, and their summer migrants de-

part galls in late May to mid-June. Sexu-

parae of H. cornu do not return to witch-

hazel until mid September to late October.

Hormaphis hamamelidis adult sexuales are

found on witch-hazel leaves from late Au-

gust to late September, while H. cornu sex-

uales are found from late September to late

October. Hormaphis hamamelidis galls are

generally smaller than those of H. cornu

(height = 6.3-11.8 mm vs. 8.2-16.6 mm,
respectively) and have little or no basal con-

striction; H. cornu galls are often constricted

at the base. Morphology: Hormaphis hama-
melidis fundatrices are smaller than H. cor-

nu (0.9-1.3 mm vs. 1.32-1.98 mm) and

more elongate rather than globular in shape.

On the abdomen of the first instars of H.

hamamelidis fundatrices, the dorsomedial

wax pores usually are limited to 1 pair each

on segments 3 and 4 and to a single pore

each on segments 6 and 7, while the first

instars of//, cornu fundatrices usually have

2 pairs each on segments 3 and 4 and 1 pair

each on segments 6 and 7. Hormaphis ha-

mamelidis sexuparae are distinguished from

//. cornu alate viviparous females by wing

length (1.5-2.0 mm and 1.9-2.2 mm, re-

spectively), tibia length (0.29-0.36 mm vs.

0.35-0.44 mm, respectively). Hormaphis

cornu sexuparae are more similar in size to

//. hamamelidis sexuparae (though slightly

smaller) and have similar numbers of sec-

ondary sensoria, but they have fewer setae

on the genital plate (4-8 secondary and 4-

1 3 marginal vs. 6- 1 6 and \ \-\9 on H . ham-

amelidis), fewer setae on the foreleg tibia

(8-18 vs. 15-34), middle leg femur (7-15

vs. 14-19) and tibia (9-20 vs. 18-32). Hor-

maphis hamamelidis oviparae are smaller

than those of//, cornu (0.66-0.83 mm vs.

0.86-1.15 mm), antennal segment III is

shorter (0.13-0.20 mm vs. 0.18-0.29 mm)
and they have fewer sense plaques on the

hindleg tibia (7-19 vs. 13-31). Hormaphis
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hamamelidis males are also smaller (0.45-

0.60 mm vs. 0.56-0.74 mm) with shorter

hindleg tibia (0.14-0.18 mm vs. 0.18-0.21

mm).

Hormaphis cornu (Shimer, 1867)

Hamamelistes cornu Shimer, 1867.

Hormaphis hamamelidis Osten-Sacken,

1861 [secondary homonym of Hama-
melidis Fitch 1851].

Hormaphis hamamelidis (Fitch): Walsh,

1867; Pergande, 1901; von Dohlen and
Gill, 1989 [misidentifications].

Hormaphis hamamelidis Osten-Sacken:

Thomas, 1877 [misidentification].

Pemphigus hamamelidis (Fitch): Thomas,
1877 [misidentification].

Description: Fundatrix (Figs. 11, 12): First

Instar (Fig. 1 1). Body length 0.38-0.43 mm,
width X). 19-0.25 mm. Dorsal wax pores

large, in medial and marginal rows. On ab-

domen, dorsomedial wax pores usually 2

pairs each on segments 3 and 4 and 1 pair

each on segments 6 and 7. Adult (Fig. 12).

Color in life dark purplish brown, broadly

oval to almost round. Eye a triommatidion.

Apterous, body length 1.32-1.98 mm, width

0.94-1.42 mm. Dorsal cephalic setae length

0.8-1.6 X middle width antlll. Two pairs

of thoracic spiracles; 4 pairs spiracles on

abdomen. Two pairs wax glands on dorsum
between 1st and 2nd, 2nd and 3rd coxae.

Cornicles absent. Antenna 3-segmented;

segments I and II about equal in length and
each with 2 setae, segment III 0.1 14-0.193

mm long and 2.1-3.2 x length hindleg tar-

sal segment II (tllh) with 2-3 short sensory

pegs ventrally near apex, and 4 short thick

apical with length 0.4 1-0.67 x middle width

antlll. Rostrum length 0.8-1.5 x length

antlll, reaching between 1 st and 2nd coxae,

rostral segment II with 6 setae. III with 2

setae; ars width : length 0.57-1.1 and length

0.65-1.3 X length cauda, bearing 8 setae,

longest seta 0.33-0.7 x width ars. Coxae of

all legs with 6 setae. Tibia of hindleg 0.18-

0.25 mm long with 6 setae in a circle around

the apex and 2-5 additional setae along its

length; longest tibial seta 0.73-1.5 x middle

width tibia. Hindleg femur length 0.9-1.1

X length tibia with 2 short setae on the

anterior margin, 2 thick, blunt and 2 longer

setae on apical margin and 0-2 additional

setae. Hindleg tl setal pattern 2:2:2, longest

seta tl hindleg 0.26-0.63 x length ventral

margin tlh. Hindleg tarsal segment II 0.049-

0.070 mm long and 0.23-0.3 1 x length tib-

ia, with (all legs) 2 pair short setae and api-

cally 2 long thick capitate setae (length 0.64-

0.82 X length tllh) and 2 thinner, shorter

tapered setae. Length femur foreleg 0.72-

0.87 X femur hindleg, setae as in hindleg

except 1-2 in addition to 6 invariant; tibia

foreleg 0.63-0.79 x tibia hindleg, setae as

in hindleg except 0-4 in addition to 6 apical.

Length femur midleg 0.76-0.92 x hindleg

femur, setae as in hindleg; length tibia mid-

leg 0.60-0.79 X hindleg tibia, setae as in

hindleg except 0-2 in addition to 6 apical.

Genital plate with 10-18 setae, longest seta

0.44-1.0 X longest caudal seta. Anal plate

bilobed with 5-7 setae each lobe, longest

seta 0.8-1.3 x longest caudal seta. Cauda
rounded, 2.1-3.0 x broad as long with 3-

8 (usually 6) setae, longest seta 0.5-0.9 x

length Cauda.

Alate Viviparous Female, Fundatrigenia

or Emigrant (Figs. 20, 21): Color in life:

Adult, thorax dark purplish brown to black;

wings opaque, veins gray-brown. Eye, com-
pound. Alate, body length 1.25-1.93 mm.
Dorsal cephalic setae 5-13, longest 0.58-

1.085 X constricted basal width antlll.

Ventral cephalic setae 5-11. Two pairs of

thoracic spiracles; 4 pairs abdominal spira-

cles. Cornicles absent. Length forewing 1.9-

2.2 mm, medius unbranched, width cu-la

0.9-1.4 X width medius, width cu-lb 1.0-

1.7 X medius. Hindwing 1.0-1.4 mm long

with medius only, booklets 2-3. Antenna

3-segmented; length segment I 0.8-1.5 x

segment II and each segment with 2 setae,

segment III 0.36-0.52 mm long and 4.4-6.3

X length tllh and bearing 26-40 annular

sensoria (Figs. 20, 21), 2-3 short thumb-
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Figs. 11, 12. Hormaphis cornu fundalrix. II, 1st

instar. 12, Adult.

like projections ventrally near apex, and 4

short thick apical projections, longest 0.86-

1.18 X constricted basal width antlll. Ros-

trum (segments II-V), length 0.35-0.46 x

length antlll, reaching just past 1st coxa,

setae as in fundatrix; ars width : length 0.7-

1.3 and length 1.05-1.49 x length cauda,

longest seta 0.24-0.51 x width ars. Coxae

of all legs with 6 setae. Tibia of hindleg 0.35-

0.44 in length with 6 setae in a circle around

the apex and 21-35 additional along entire

length, longest tibial seta 0.68-1.07 x mid-

dle width tibia. Hindleg femur length 0.7 1-

0.86 X length tibia, with 2 short setae on

the anterior margin, 2 thick, blunt and 2

longer tapered setae on apical margin, and

3-15 additional setae. Hindleg tarsal seg-

ment II 0.075-0.090 mm long and 0.18-

0.26 X length hindleg tibia, with (all legs)

2 pair short setae and apically 2 long thick

capitate setae (length 0.41-0.70 x length

tllh) and 2 thinner, slightly shorter capitate

setae. Length femur foreleg 0.8 1-0.93 x fe-

mur hindleg, setae as in hindleg except 5-

17 in addition to the 6 invariant; tibia fore-

leg 0.69-0.79 X tibia hindleg, setae as in

hindleg except 1 3-25 in addition to 6 apical.

Length femur midleg 0.78-0.90 x hindleg

femur, setae as in hindleg except 6-18 in

addition to 6; length tibia midleg 0.70-0.79

X hindleg tibia, setae as in hindleg except

15-28 in addition to 6 apical. Tarsal seg-

ment I setal pattern 3:3:2, longest seta tl

hindleg 1.3-2.2 x length ventral margin tl.

Genital plate with 16-23 setae, 6-15 sec-

ondary and 10-18 marginal setae (no ob-

vious primary setae), longest seta 0.48-0.98

X longest caudal seta. Anal plate bilobed

with 5-7 setae each lobe, longest seta 0.63-

1 . 1 5 X longest caudal seta. Cauda knobbed,

0.98-1.7 X broad as long with 7-10 (usually

10) setae, longest seta 0.67-1.1 x length

Cauda.

Apterous Aleurodiform Female (Fig. 1 3):

Color in life: Shiny dark purplish black with

white fringe ofwax tubercles encircling body

margin and scattered on dorsal midline.

Head, thoracic, and abdominal segments
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Figs. 13, 14. Hormaphis cornu. 13, Apterous al

eyrodiform female. 14, 4th instar of sexupara.

fused to form broadly oval to almost cir-

cular body. Apterous (Fig. 1 3), body length

0.64-0.94 mm, width 0.55-0.77 mm. Eye

a triommatidion. Ventral surface tightly ad-

hered to leaf underside, exoskeleton with a

brittle waxy coating. Tarsi on fore and mid-

dle legs absent, rudimentary on hind, claws

absent. Antenna reduced, 2-3 segments.

Rostrum reaches to 3rd coxae. Anal plate

bilobed. Cauda rounded.

Sexupara or Immigrant (Figs. 14-16, 22-

23): Color in life: Adult, thorax dark pur-

plish brown to black; wings opaque, veins

grey-brown. Eye, compound. Alate (Fig. 16),

body length 0.88-1 .44 mm. Dorsal cephalic

setae 4-12, longest 0.59-1.53 x constricted

basal width antlll. Ventral cephalic setae 4-

9. Two pairs of thoracic spiracles; 4 pairs

abdominal spiracles. Cornicles absent.

Forewing (Fig. 15) length 1.29-1.93 mm,
medius unbranched, width cu- la 0.87-1.33

X width medius, width cu-lb 0.91-1.75 x

medius. Hindwing (Fig. 15) 0.72-1.17 mm
long with medius only, booklets 2-3. An-
tenna 3-segmented; length segment I 0.87-

1.28 X segment II and each segment with

2 setae, segment III 0.27-0.4 1 mm long and
4.2-5.9 X length tllh, bearing 17-29 an-

nular secondary sensoria (Figs. 22, 23), 2-

3 short sensory pegs ventrally near apex,

and 4 short thick apical setae, longest 0.87-

1.59 X constricted basal width antlll. Ros-

trum (segments II-V), length 0.36-0.50 x

length antlll, reaching to '/3-'/2 distance to

Figs. 15, 16. Hormaphis cornu sexupara. 15, Wing
venation. 16, Whole body.

2nd coxae, setae as in fundatrix; ars width :

length 0.59-1.33 and length 0.97-1.44 x

length Cauda, longest seta 0. 1 8-0.58 x width

ars. Coxae of all legs with 6 setae. Tibia of

hindleg 0.23-0.33 in length with 6 setae in

a circle around the apex and 8-2 1 additional

along entire length, longest tibial seta 0.65-

1.15 X middle width tibia. Hindleg femur

length 0.73-0.87 x length tibia, with 2 short

setae on the anterior margin, 2 thick, blunt

and 2 longer tapered setae on apical margin,

and 0-5 additional setae. Hindleg tarsal seg-

ment II 0.055-0.077 mm long and 0.20-

0.27 X length hindleg tibia, with (all legs)

2 pair short setae and apically 2 long thick

capitate setae (length 0.56-0.80 x length

tllh) and 2 thinner, slightly shorter capitate

setae. Length femur foreleg 0.70-1.18 x fe-

mur hindleg, setae as in hindleg except 5-

17 in addition to the 6 invariant; tibia fore-

leg 0.58-1.05 X tibia hindleg, setae as in
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Figs. 17-19. Honnaphis cornu 17, Ovipara. II

Male. 19, Overwintering egg.

hindleg except 2-12 in addition to 6 apical.

Length femur midleg 0.66-1.15 x hindleg

femur, setae as in hindleg except 1-9 in ad-

dition to 6; length tibia midleg 0.58-1 .08 x

hindleg tibia, setae as in hindleg except 3-

14 in addition to 6 apical. Tarsal segment

I setal pattern 3:3:2, longest seta tl hindleg

1.36-2.09 X length ventral margin tl. Gen-

ital plate with 8-21 setae, 4-8 secondary

and 4-13 marginal setae (no obvious pri-

mary setae), longest seta 0.51-0.99 x lon-

gest caudal seta. Anal plate bilobed with 6-

8 setae each lobe, longest seta 0.67-1.39 x

longest caudal seta. Cauda knobbed, 1.13-

1.61 X broadaslong with 8-10 (usually 10)

setae, longest seta 0.74-1.05 x length Cau-

da.

Ovipara (Figs. 17, 27): Color in hfe: Ju-

venile covered with fuzzy grayish wax se-

cretions, adults shiny purplish black. Ap-
terous (Fig. 17), body pyriform, convex

dorsally and flat vcntrally, no tubercles or

waxy secretions, highly sclerotized. Eye a

triommatidion. Body length 0.86-1 . 1 5 mm,
width 0.51-0.73 mm. Dorsal cephalic setae

length 0.7-1.5 x middle width antlll. Dor-

sal body setae thick, slightly capitate, ven-

tral tapered. Two pairs wax glands, between

1st and 2nd, 2nd and 3rd coxae. Two pairs

of thoracic spiracles; 4 pairs abdominal

spiracles. Cornicles absent. Antenna 3-seg-

mented; segments I and II about equal in

length and each with 2 setae, length segment

III 0. 1 8-0.29 mm and 3.0-4.4 x length tllh,

with 2-3 short sensory pegs ventrally near

apex and 4 short thick setae on apex with

length are 0.6 1-0.82 x middle width antlll.

Rostrum length 0.54-0.85 x length antlll,

reaching to 2nd coxae, setae as in fundatrix;

ars width: length 0.75-1.1 and 0.7-1.3 x

length Cauda, longest seta 0.29-0.65 x width

ars. Coxae of all legs with 6 setae. Tibia of

hindleg 0.193-0.249 mm long with 13-31

round to oval pseudosensoria (Fig. 27); se-

tae as in fundatrix except 3-9 in addition

to apical 6, longest tibial seta 0.51-1.1 1 x

middle width tibia. Hindleg femur length

0.79-1.03 X length tibia, setae as in fun-

datrix except 0-2 in addition to 6 invariant.

Hindleg tarsal segment I setal pattern 3:3:

2, longest seta tlh 1.5-2.3 x length ventral

margin tlh. Hindleg tarsal segment II 0.052-

0.071 mm long and 0.24-0.34 x length tib-

ia, with (all legs) 2 pair short setae and api-

cally 1 pair long thick capitate setae (length

0.52-0.79 X length tllh) and 1 pair thinner,

slightly shorter capitate setae. Length femur

foreleg 0.89-1 .04 x femur hindleg, setae as

in hindleg except 1-6 in addition to 6 in-

variant; length tibia foreleg 0.75-1.0 X tibia

hindleg, setae as in hindleg except 3-12 in

addition to 6 apical. Length femur midleg

0.89-1.04 X hindleg femur, setae as in hind-

leg except 1-3 additional; length tibia mid-

leg 0.77-1.03 X hindleg tibia, setae as in

hindleg except 4-13 additional. Genital plate

with 13-31 setae, longest seta 0.63-1.12 x

longest caudal seta. Anal plate bilobed with

6-8 setae each lobe, longest seta 0.84-1.4

X longest caudal seta. Cauda knobbed, 1 .0-

1.6 X broad as long with 10 (rarely only 5

or 6) setae, usually 2 longer than the rest,

longest seta 0.97-1.7 x length cauda.

Male (Figs. 18, 25): Color in life: Juvenile
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and adult as in ovipara. Apterous (Fig. 1 8),

body dorsoventrally flattened, elongated

pyriform in shape, no tubercles or waxy se-

cretions, highly sclerotized. Eye a triom-

matidion. Body length 0.56-0.74 mm, width

0.32-0.41 mm. Dorsal cephalic setae length

0.44-1.11 X middle width antlll. Dorsal

body setae as in ovipara. Two pairs of tho-

racic spiracles; 4 pairs abdominal spiracles.

Two pairs wax glands as in ovipara. Cor-

nicles absent. Antenna 3-segmented; seg-

ments I and II about equal in length and each

with 2 setae, segment III 0. 1 9-0.24 mm long

and 3.3-4.6 x length tllh, with 13-22 short

sensory pegs (Fig. 25) ventrally and 4 short

thick setae on apex which in length are 0.42-

0.7 1 X middle width antlll. Rostrum length

0.50-0.71 X length antlll, reaching be-

tween 2nd and 3rd coxae, setae as in fun-

datrix; ars width : length 0.79-1.28 and 1 .
0-

1.5 X length cauda, longest seta 0.30-0.63

X width ars. Coxae all legs with 6 setae.

Tibia of hindleg 0.176-0.21 1 mm long, se-

tae as in ovipara except 3-11 in addition to

apical 6, longest tibial seta 0.61-1.56 x

middle width tibia. Hindleg femur length

0.74-0.92 X length tibia, setae as in fun-

datrix except 0-2 in addition to the 6 in-

variant. Hindleg tarsal segment I setal pat-

tern 3:3:2, longest seta tlh 1.5-2.6 x length

ventral margin tlh. Hindleg tarsal segment

II 0.047-0.062 mm long and 0.26-0.33 x

length tibia with setae as in ovipara; length

thick capitate setae 0.64-0.82 x length tllh.

Length femur foreleg 0.91-1.04 x femur

hindleg, setae as in hindleg except 1-3 in

addition to 6 invariant; length tibia foreleg

0.76-0.88 X tibia hindleg, setae as in hind-

leg except 1-5 in addition to 6 apical. Length

femur midleg 0.92-1.01 x hindleg femur,

setae as in hindleg except 0-3 additional;

length tibia midleg 0.80-0.9 1 x hindleg tib-

ia, setae as in hindleg except 1-6 in addition

to 6 apical. Anal plate bilobed with 5-8 se-

tae each lobe, longest seta 0.7-1 . 1 x longest

caudal seta. Cauda knobbed, 0.91-1.37 x

broad as long with 6-9 setae, longest seta

0.66-1.2 X length Cauda.

20

21

22

23

Figs. 20-2 1 . Hormaphis cornu alate viviparous fe-

male, antennal segment III. 20, Ventral view. 21, Dor-

sal view. Figs. 22-23. Hormaphis cornu sexupara, an-

tennal segment III. 22, Ventral view. 23, Dorsal view.

Fig. 24. Hormaphis hamamelidis sexupara, antennal

segment III.

Overwintering egg (Fig. 1 9): Pale orange

yellow when first laid, then darkening to

shiny black, 0.43 mm long and 0.22 mm
diameter.

Gall: Conical but usually constricted at

the base, tapered tip often bent to one side,

protruding from upper leaf surface and usu-

ally on a major leaf vein; length from tip to

base on leaf underside 8.2-19.4 mm (mean
- 13.5) and 4.0-8.1 mm (mean = 5.6) at

greatest width. Underside of gall on lower

leaf surface circular and somewhat swollen

beyond leaf; the opening at first obstructed

by plant hairs, later forms a small circular

exit hole. Color pale green, turning yellow

in early summer.
Biology: Fundatrices hatch in late March

from overwintering eggs laid on the bark of

witch-hazel, form cone-shaped galls on

leaves and produce virginoparous emi-
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Figs. 25-28. 25, Hormaphis cornu male, antennal

segment III with sensory pegs. 26, Hormaphis hama-

melidis male, antennal segment III with sensory pegs.

27, Hormaphis cornu ovipara, hind tibia with pseu-

dosensoria. 28, Hormaphis hamamelidis ovipara, hind

tibia with pseudosensoria.

grants into mid-June. Alate virginoparae

depart from galls in June and migrate to

river birch to produce the first aleurodiform

generation on the undersides of leaves. Two
more aleurodiform generations follow; the

last produces sexuparous nymphs. Mature

sexuparae depart from leaves of river birch

and fly back to witch-hazel in mid-Septem-

ber to early October and deposit sexual

nymphs. Sexuales mature in late September

to late October and mate. Ovipara produces

several overwintering eggs which are laid in

crevices in the bark or occasionally at the

base of leaf buds. See von Dohlen and Gill

(1989) for additional information.

Types: Location unknown.
Material examined: On witch-hazel,

Dranesville District Park, VA, C. D. von
Dohlen: 4 fundatrices in May 1985, 1 fun-

datrix and 3 alate virginoparae on 30 May
1985; alate virginoparae, 6 on 5 June 1985,

20 on 6 June 1986; 1 oviparae in October

1985, 8 oviparae and 16 males on 17 Oc-

tober 1985, 3 oviparae on 24 October 1985,

10 oviparae and 12 males on 1 October

1986. On witch-hazel, U. S. National Ar-

boretum, M. B. Stoetzel: 9 oviparae and 2

males on 22 October 1987. On river birch,

Dranesville District Park, VA, C. D. von
Dohlen and M. B. Stoetzel: 2 alate virgi-

noparae on 4 June 1985; 24 apterous vir-

ginoparae on 18 August 1985.

Summary

Hormaphis hamamelidis forms small,

conical galls usually without basal constric-

tion, is autoecious on witch-hazel, and lives

at high elevations in northern regions of the

eastern United States. Hormaphis cornu

forms larger, conical galls that are usually

constricted at the base, is host-alternating

between witch-hazel and river birch, and is

found at low elevations in the mid-Atlantic

and southern regions of the eastern United

States.

Correction of Names in

Previous Papers

The correct species designations may be

sorted out as follows. Because oftheir north-

em location (New York State) and the dates

of the occurrence of alates in conical galls

on witch-hazel, the aphids described by Fitch

(1851) must be the autoecious species. The
original generic designation by Fitch was

incorrect. The species belongs in Horma-
phis Osten-Sacken, and the correct name for

this aphid is Hormaphis hamamelidis (Fitch

1851). The aphid Osten-Sacken (1861) de-

scribed from the Washington, D.C. area was
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the host-alternating form. However, be-

cause the specific name hamamelidis is pre-

occupied, Osten-Sacken's designation is a

secondary homonym of hamamelidis Fitch

1851 and is not available. The data on an-

tennal sensoria given above indicate that

Shimer's (1867) description of Hamame-
listes cornu unquestionably is the same host-

alternating species studied by Osten-Sacken

(1861). Therefore, cornu Shimer is the first

valid, available name for the heteroecious

species. The species belongs in Hormaphis

Osten-Sacken, and the correct name for this

aphid is Hormaphis cornu (Shimer 1867).

Hormaphis cornu (Shimer) is the correct

name for the heteroecious species treated

by Pergande (1901) and von Dohlen and

Gill (1989).

Disposition of Species in

Hormaphis

Consistency in generic distinctions should

be extended to other species of the tribe

Hormaphidini. As treated here, Hormaphis

is distinctive in its unusual antennal seg-

mentation (3 segments) and the venation of

the hindwing (no cubitus), and is solely a

North American genus with two species. We
have seen specimens of betulinus Horvath

(1896), gallifoliae Monzen (1929), kagamii

Monzen (1929), and betulinus subsp. mi-

yabei Matsumura (1917), and examined de-

scriptions of other species placed in Hor-

maphidini. Other than the two species

treated here, all Hormaphidini are native to

Japan or Europe, have 5-segmented anten-

nae, and a cubitus vein in the hindwing.

Thus, Cerataphis betulae Mordvilko ( 1 90 1 ),

Mansakia gallifoliae Monzen (1929), Ha-
mamelistes gibberi Monzen (1954), and H.

gibberi biological race grossae Monzen
(1954), placed in Hormaphis by Eastop and

Hille Ris Lambers (1976), all belong to Ha-
mamelistes.
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TOMOPLAGIA CRESSONI ACZEL IN SOUTHERN CALIFORNIA

(DIPTERA: TEPHRITIDAE)
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Abstract. — Tomoplagia cressoni Aczel is oligophagous in flower heads of Perezia mi-

cwcephala (deCandolle) Gray and Trixis californica Kellogg (Asteraceae) in southern

California. Both hosts are in the tribe Mutiseae. Third instar larvae and puparia, and two

new types of sensilla on them, are described for the first time. The larvae feed on the

floral tubes and ovules as first and second instars, respectively, but most growth occurs

in the third instar. The third instar feeds mainly on sap that collects in a cup-shaped

cavity it chews in the receptacle. Most seeds in infested heads were undamaged. Mating

behavior is described, which is unique among non-frugivorous Tephritidae for the more

posterior, upright position of the male and the back and forth, rhythmic movements of

his abdomen during initial phases of copulation. The unusual "butterfly stroke" wing

movements of adults when walking also are described. This tephritid has a spring gen-

eration on Tr. californica, a. summer generation on P. microcephala, and facultatively, a

fall generation, again on Tr. californica, depending on the incidence oflate-summer, desert

rainfall triggering a second flowering.

Eurytoma veronia Bugbee (Eurytomidae), Colotrechnus ignotus Burks (Pteromalidae),

and Pteromalus sp. (Pteromalidae) are reported as primary, solitary, hymenopterous par-

asitoids of To. cressoni.

Key Words: Insecta, Tomoplagia, Perezia, Trixis, life history, parasitoids, sensilla

This paper concerns the rare, stenopha- Taxonomy

gous, previously little-known species, To- Aczel (1955) first described To. cressoni

moplagia cressoni Aczel, which does not lend and partly illustrated the adults with simple

itselfreadily to field or laboratory study. To. drawings and a photograph ofa wing. Foote

cressoni Aczel is the only representative of and Blanc (1963) also provided a wing pho-

its genus in California (Foote and Blanc tograph.

1963); one of only two species of Tomopla- Larvae and puparia excised from flower

gia known from North American north of heads o^Perezia microcephala (deCandolle)

Mexico; and one of43 known species in this Gray (Asteraceae) were examined with

genus, most of which are restricted to trop- scanning electron microscopy (SEM) by

ical and subtropical America (Aczel 1955). DHH. Materials, methods, and nomencla-

Our admittedly incomplete findings on To. ture were as used by Headrick and Goeden

cressoni provide a base of knowledge of its (1990a) and Goeden and Headrick (1990).

biology, hosts, and immature stages. Means ± SE are used throughout this paper.
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Fig. 1. Third instar larva, Tomoplagia cressoni. A. Habitus; 1— ventral transverse folds. B. Anterior end;

1— rugose pads; 2— mouthhooks; 3— median oral lobe; 4— thoracic sensillum. C. Anterior sensory organs; 1
—

dorsal sensory organ; 2— anterior sensory lobe; 3— sensillum; 4— lateral sensory organ; 5— terminal sensory

organ; 6— lateral sensory lobe; 7— integumental petals. D. Abdominal segment, lateral view; 1— sensillum; 2—
spiracle scar.

Third instar larva.— Four larvae were used

for SEM. The mature larva of To. cressoni

has a distinct habitus (Fig. lA); it is more

elongate and not barrel-shaped like other

non-frugivorous, tephritid larvae thus far

examined. The larva has deeply furrowed

segmental lines, which circumscribed its

body, and transverse folds ventrally on each

segment (Fig. lA-1). The integument in life

is yellowish and shagreened; this texture is

caused by evenly distributed, smooth,

domed-shaped verrucae, seen with SEM.
The gnathocephalon is rounded and bears

many rugose pads. The pads laterad to the

mouth lumen are serrated on their ventral

edge (Fig. lB-1). The paired dorsal sensory

organs are composed of a single, spherical

papilla (Fig. 1 C- 1
). Ventrad and slightly lat-

erad to the dorsal sensory organs are the

paired anterior sensory lobes (Fig. lC-2).

The relative position of these sensory or-

gans is atypical among the tephritid larvae

examined to date. Headrick and Goeden

( 1 990a) noted that placement of the sensory

organs among non-frugivorous tephritid

larvae is relatively constant. Most often, the

dorsal sensory organ is dorsad to the ante-

rior sensory lobe along a dorso-ventral line

that is parallel with the midline of the body

(cf., Paracantha gentHis, Headrick and Goe-
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den 1990a). However, in To. cressoni the

dorso-ventro axis of the anterior sensory

lobes is directed slightly laterad of the mid-

line, and the dorsal sensory organs lay me-

diad to the anterior sensory lobes and slight-

ly closer to the mouth lumen.

The anterior lobes appear to bear three

sensory organs; however, the pit sensory or-

gan is not visible on the specimen used for

Fig. IC. A papillate sensillum is located dor-

sally on the anterior lobe (Fig. lC-3), and

may represent an aberration, as this sen-

sillum type and placement has not been ob-

served on any other tephritid larvae ex-

amined to date (Headrick, unpublished

data). Both the lateral sensory organ and the

terminal sensory organ are typical in place-

ment and form (Fig. lC-4, -5).

The lateral lobes are located dorso-lateral

to the mouth lumen and bear several sen-

silla (Fig. lC-6). The mouth lumen is sur-

rounded by integumental petals (Fig. lC-7)

that are not as reduced as those of Tephritis

baccharis (Coquillett) (Goeden and Head-

rick, submitted) nor as developed as those

of Paracantha gentills Hering (Headrick and

Goeden 1990a). The mouthhooks have one

large, curved, bluntly tapered tooth distally

(Fig. 1 B-2), and basally a smaller, more stout

tooth on the lateral edge (not shown in Fig.

IB). The median oral lobe is laterally flat-

tened, and has a rounded apex and a smooth

ventral edge (Fig. 1 B-3).

The integument of the thoracic segment

is roughened with rows of flattened verrucae

and dotted with larger papillate sensilla, each

with a central pore (Fig. 1 B-4). The anterior

thoracic spiracles each bear three tubular

spiracular openings (see puparium Fig. 3B).

The succeeding segments have both their

anterior and posterior edges marked with

rows of bluntly pointed acanthae. The in-

tegument is shagreened with small, evenly

distributed, dome-shaped verrucae. Later-

ally, each abdominal segment bears a ver-

tical row ofthree dome-shaped sensilla, each

with a central pore (Fig. 1 D- 1 ). Also on each

abdominal segment, and anterior to the row

of sensilla is a small ecdysial scar which is

the vestige of the lateral abdominal spiracle

(Fig. 1 D-2). The tracheae ofthis spiracle can

be seen within the puparium after adult

emergence (cf., Headrick and Goeden
1990a).

The caudal segment has the typical four-

dorsal, six-ventral arrangement of sensilla

around its posterior margin (Fig. 2A). These

sensilla are composed of two distinct mor-

phological types. The first type is a basal

crown of six points, from which projects a

finger-like process. This type of sensillum is

morphologically distinct from other sensilla

reported in the Tephritidae thus far, and

accordingly, we termed it a "stelex" sensil-

lum (Fig. 2B). There are dorsal and ventral

pairs of these sensilla located just laterad of

the dorso-ventral midline (Fig. 2A-1). The

other more common type is a domed sen-

sillum with a central papilla (Fig. 2C). Three

pairs of domed sensilla located laterally on

the posterior margin complete a ring of 10

sensilla (Fig. 2A-2). A pair of previously

undescribed sensory organs lie dorsad ofthe

posterior spiracles on either side of the dor-

so-ventral midline (Fig. 2A-3). This sensory

organ is smooth, dome-shaped, and bears

two sensilla (Fig. 2D), a dorsal stelex sen-

sillum and a ventro-lateral smaller dome
with a cluster of finger-like filaments, which

we term a "medusoid" sensillum (Fig. 2E).

This sensillum superfically resembles the

coniform sensillar complexes found on the

antennae of the nymph of the stonefly, Par-

agnetina media (Walker) (Kapoor 1 986), and

the styloconic sensillum on the antenna of

the adult of Glossina austeni Newstead

(Lewis 1970). However, the terminal fila-

ments of the T. cressoni sensillum appear

to be free from each other in life, and not

attached as in the stonefly nymph and Glos-

sina adult. Thus, we do not include this sen-

sillum in the coniform sensillar group until

transmission electron microscopy studies

can confirm similar nervous innervation and

a porous substructure to each of the fila-

ments; features which are fundamental to
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of two to four branches, the longest mea-

suring 25.0 ju (Fig. 2F-2).

Puparium.— Fifteen puparia measured 3.8

± 0.07 (range, 3.4-4.3) mm in length, and

1.4 ± 0.03 (range, 1.2-1.7) mm in width.

The puparium is superfically smooth, blunt-

ly rounded at the ends, and somewhat dor-

so-ventrally flattened (Fig. 3A). In life it is

fuscous and quite distinct from the small,

black, shiny puparia of its co-inhabitants,

i.e. Trupanea spp. (see below). The anterior

end is demarcated by the fracture lines which

extend laterally on the first three abdominal

segments. The anterior spiracles lay just

dorsad of the lateral midline and bear three

tubular openings (Fig. 3B-1). Closer obser-

vation revealed that the puparium surface

maintained the shagreened texture of the

last larval stage. The posterior end is unique

among tephritid puparia examined thus far

in that the sensilla were not collapsed. In

other puparia such surface features are in-

distinguishable from the integument; how-

ever. To. cressoni puparia maintain erect

sensilla (Fig. 3C).

Distribution, Hosts, and
Study Sites

Aczel (1955) described To. cressoni from

specimens collected from three separate lo-

cations in interior valleys of southern Cal-

ifornia and from one location in central Ar-

izona. Foote and Blanc (1963) added New
Mexico and Texas to its distribution and

mapped many collection records from

coastal, interior valley, and Colorado Des-

ert locations in southern California. Most

of these California records were from bait-

trap collections, which oflered no clue to the

host affinities of To. cressoni; however, Foote

and Blanc ( 1 963) also listed a U.S. National

Museum record for two males reared from

Perezia microcephala as well as sweep rec-

ords from non-host Acacia, Juglans, Solan-

urn, and Solidago spp. Aczel (1955) report-

ed To. cressoni from peach, Prunus persica

(L.) Batchelor, which Wasbauer (1972)

properly termed "doubtful." Goeden

(1987a, 1988, 1989) called attention to the

often misleading nature ofsweep records for

adults of flower head-infesting Tephritidae.

Goeden (1983, 1987b) reported rearing

To. cressoni from samples of flower heads

of Trixus californica Kellogg (Asteraceae),

which it infested to a limited degree along

with Trupanea conjuncta (Adams) (Diptera:

Tephritidae) and Tru. actinobola (Loew),

both ofwhich species were much more com-

mon in these heads (Goeden and Ricker

1989). In addition, RDG reared To. cressoni

from samples of heads of P. microcephala

along with Tru. nigricornis and Tru. whee-

leri Curran, again, with To. cressoni as the

least common associate. These host records

from P. microcephala confirm rearing rec-

ords for both species of Trupanea (Was-

bauer 1972), and confirm and clarify the

rearing record for To. cressoni in Foote and

Blanc (1963). This co-occurrence of To.

cressoni with two different species of te-

phritids in each of these two host plants,

with only the developmental biology of Tru.

conjucta well known (Goeden 1987b), was

one reason we did not attempt further study

of its early larval stages.

Only three plant species, Tri. californica,

P. microcephala, and Hecastoleis shockleyi

Gray, comprise the Tribe Mutiseae in Cal-

ifornia (Munz and Keck 1959). This tribe

is found chiefly in Mexico and South Amer-

ica. Thus, the two hosts now known for To.

cressoni suggest a predictable pattern, which

rearings from flower heads of H. shockleyi

should confirm (that is, if this rare, mono-
typic plant species reported from the envi-

rons of Death Valley and the isolated, rug-

ged, eastern slope of Inyo Mountain [1] can

be located and [2] sampled when bearing

mature flower heads!).

The principal study site with Tri. califor-

nica was among large, granite boulders in

and above the main wash at the mouth of

Chino Canyon, 1 km NW of Palm Springs,

Riverside Co., during 1983-1987. Tomo-

plagia cressoni was reared from flower heads

collected at this location on 25-V-1983, 7-
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Fig. 3. Puparium of Tomoplagia cressoni. A. Hab-

itus. B. Anterior end; 1 —anterior thoracic spiracle. C.

Posterior end, ventro-lateral view.

vi-1983, 21-vi-1983, 7-vii-1983, l-x-1983,

15-xi-1983, 29-xi-1983, 13-111-1984, 11-lv-

1984, 24-1V-1984, and 8-V-1984. Addition-

al locations at which flower heads of Tri.

californica were sampled on the dates In-

dicated, and which yielded To. cressoni, in-

cluded: Yaqui Pass, NE San Diego Co.,

11-1-1984; Com Spring, E Riverside Co.,

12-1-1984; Desert Center, E Riverside Co.,

14-111-1984; Graham Pass, E Riverside Co.,

2 1 -ill- 1 984, 1 2-111- 1986. The only study site

with P. microcephala was a steep, west-fac-

ing, granitic scree at the mouth ofMill Creek

Canyon, San Bernardino National Forest

(Northern Section), SW San Bernardino Co.,

during June-August, 1989.

Biology

Egg.—The eggs of Tomoplagia cressoni

were not observed during this study, nor

were gravid females swept, reared from pu-

paria, or obtained after caging reared fe-

males (see below). Most larvae and puparia

were found singly in heads of P. micro-

cephala and Tri. californica; although, one

of four Infested heads examined ofthe latter

host bore three puparia. This suggested that

eggs usually are laid singly in heads.

No sign oftunneling by early-instar larvae

was found in floral tubes or bracts outside

ofthe single layer ofachenes and florets that

surrounded each mature larva and pupar-

ium (Fig. 4A, 4B). No oviposltion punctures

were noted in the outer phyllaries ofInfested

heads. One to four, adjacent, floral tubes

and ovules (this term is used to distinguish

presumably unfertilized achenes in young

capltula before anthesls; Harris 1990,

Headrick and Goeden 1990c) from the en-

circling ring of florets in each head showed

tunneling by an early stage larva. This sug-

gested that eggs were Inserted between or

within floral tubes of immature florets by a

female from an external position at the apex

of a head after anthesis, and not by punc-

turing the phyllaries laterally with her ovi-

positor to gain access to the interior of a

head, e.g. like Paracantha gentilis (Headrick

and Goeden 1990b). Indeed, one sexually

immature female of To. cressoni (deter-

mined by later dissection) was noted in a

laboratory cage probing an open head with

her ovipositor from such an apical position,

though, of course, no egg was recovered.
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Larva.— In flower heads of Tri. califor-

nica, the first instar of To. cressoni upon

hatching tunnels into a floral tube, which

causes the basally attached ovule to abort.

The larva next transfers to and mines one

or two more floral tubes. Then, and prob-

ably as a second instar, it mines one to four

adjacent ovules. The larva next proceeds to

score the receptacle. The third instar exca-

vates a cuplike depression in the receptacle

surface without observable tissue prolifer-

ation (no gall formation). It feeds by im-

bibing sap transported to the receptacle via

the vascular tissues which suffuse this nurse-

tissue for the developing florets (Romstock

1987). The imbibition of sap, which collects

in the feeding cavity, while concurrently

scraping ever deeper with the mount hooks

into the receptacle, represents the main

mode of feeding for third instars of To. cres-

soni (Fig. 4A). This feeding behavior was

recently described as facultative and den-

sity-dependent among P. gentilis larvae in

Cirsium thistle capitula (Headrick and Goe-

den 1990c), and has been found to be com-

mon, indeed obligatory (or at least consis-

tent), even among solitary larvae of other

native, flower head-infesting Tephritidae,

e.g. Neaspilota, Tephritis, and Urophora,

currently under study in southern California

(Goeden, unpublished data). Three or four

achenes remained intact within heads of Tri.

californica infested by single To. cressoni (n

= 3).

Larval feeding in heads of P. microcepha-

la was similar to the above. First instars fed

on two to four florets each, causing basally

attached ovules to abort. Larvae next mined

the growing ovules, then tapped into the

receptacle and became primarily sap feed-

ers, at least as third instars. The larvae al-

ways fed at the peripheries ofthe receptacles

in heads of P. microcephala. Larvae were

located between the inner phyllaries and

several, contiguous, undamaged developing

achenes oriented with their long axes par-

allel to these flower head parts (Fig. 4A). An
average of 6 ± 0.7 (range, 0-10) achenes

remained undamaged in 1 3 heads that con-

tained one mature larva or puparium each

of To. cressoni. Uninfested heads contained

an average of 1 1 ±0.1 (range, 9-13, n =

77) achenes. To. cressoni directly and in-

directly destroyed less than half of the

achenes in heads it infested. Flower heads

ofP. microcephala which contained one pu-

parium each of To. cressoni and either Tru.

nigricornis or Tru. wheeleri yielded adults

of both species.

Schwitzgebel and Wilbur (1943) reported

that To. obliqua (Say) was reared from seeds

of ironweed, Vernonia interior Small, in

Kansas. F, larvae reportedly fed on the

ovules; Fj larvae, on "seeds," presumably

meaning achenes, and destroyed all seeds in

a head. In ironweed, To. obliqua co-infested

heads with Neaspilota alba Loew, in which

the former tephritid also was the subordi-

nate or much less common associate.

Pupa.—When feeding was completed in

heads of P. microcephala, the larva reversed

itself 180° and pupariated with its posterior

end cupped and lightly glued, probably by

dried sap, within its feeding cavity in the

receptacle (Fig. 4B). Empty puparia in ex-

cised, dry, open heads of Tri. californica

that had been held for adult emergence in

sleeve cages, on the other hand, had been

lifted off" the receptacles and were lightly

glued among pappus hairs.

Adults. —Adults (Fig. 4C) pushed upward

and outward through the pappus in exiting

the flower heads, as described and illustrat-

ed for P. gentilis by Headrick and Goeden

(1990b). A total of only 13 males and 11

females emerged from 11 of 33 weekly or

biweekly samples of flower heads of Tri.

californica collected between May 1983 and

May 1984 at Chino Canyon. A total of 27

males and 29 females was recovered from

three biweekly samples of heads of P. mi-

crocephala in 1989. These data indicated an

equal sex ratio for To. cressoni.

Dissections ofnewly emerged females de-

termined that they are sexually immature

(n = 3), and that neither sex contained much
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Fig. 4. Life stages of To. cressoni. A. Third instar larva in flowerhead of P. microcephala. B. Puparium in

flowerhead off. microcephala. C. Adult female on leaf of Tn. californica. Bars = 1 mm.

fat body tissue. Newly emerged adults of/*.

gentilis (Headrick and Goeden 1990b) and

all species of Trupanea studied in southern

California to date (Cavender and Goeden
1982, Goeden 1987b, 1988, and unpub-

lished data) are sexually immature and con-

tain little fat body tissue, unlike some newly

emerged gall-formers, e.g. Eutreta diana

(Osten Sacken) (Goeden 1990). Further-

more, although eight females lived an av-

erage of 1 1 8 ± 11.3 (range, 67 to 152) days,

and 11 males, 78 ± 9.6 (range, 31 to 126)

days in individual plastic cages supplied with

honey and water, as described by Goeden
and Headrick (1990), they remained sexu-

ally immature.

Only one of 13, 2-day-long pairings of

these virginal flies between the ages of 2 to

109 days resulted in mating. Plastic petri

dishes were used as arenas for mating tests

(after Jenkins 1990), which we modified for

longer use by including a pad of absorbent

cotton saturated with distilled water and

spotted with drops of honey. A 94-day-old

male and a 105-day-old female (both vir-

gins) were first observed in copula after dusk

under artificial light at 18:24 h PST on 30

Oct 1989. Courtship by these flies had not

been observed; however, this behavior had

been seen earlier with one each, 28-30 and

58-60 days-old virginal males in separate

pairings. These courting males had laterally

ballooned abdominal pleura, and both ac-

tively pursued the same-aged females with

which they were caged. Alternatively, these

males stood still, faced, and fanned their

wings synchronously towards the females,

but, again, no mating resulted. The bal-

looned abdominal pleura of To. cressoni

males appeared as photographed with Tru.

hisetosa (Cavender and Goeden 1982). Bal-

looned males abdominal pleura have now
been reported from several genera of non-

frugivorous as well as frugivorous Tephrit-

idae, and are thought to be involved in pher-

omone dissemination (Jenkins 1990,

Headrick and Goeden 1990b).

The copulatory position of To. cressoni

diflers from postures described for other

mating, nonfrugivorous tephritids. The ovi-

positor is held straight backward, not curved

upward during copulation, which requires

that the male ride more posteriorly and up-

right, i.e. nearly perpendicular to the sub-
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strate. Also, during the eariy stages of the

single, but protracted mating observed, the

female extended her ovipositor to nearly its

full length, then retracted it, moving it in

and out in a rhythmic manner while joined

to the male. Accordingly, the abdomen of

the male moved forward and backward

through an arc of 30 to 40°. This pumping
activity gradually ceased as mating contin-

ued. The foretarsi of the male grasped the

middle of the abdomen of the female dor-

solaterally, his midtarsi grasped the base of

her oviscape, and his hind tarsi rested on

the substrate. The wings of both sexes were

held motionless and parallel to the sub-

strate. The female's wings were parted about

45° from her midline, and the male's wings,

about 30° from his midline. The mouthparts

of both sexes pumped rapidly (five to six

pumps/sec.) during mating. This mating

lasted at least 3.5 h and was discontinued

within 5 h after the lights had been turned

off.

Other behaviors that distinguish To. cres-

soni adults involved resting and walking.

The usual resting postures ofboth sexes were

with their wings held outward about 80°

from their bodies, or sometimes at lesser

angles. The costal margin is curled for-

ward, i.e. supination (Headrick and Goeden

1990b). As the adults walked forwards, they

synchronously brought their wings upward

and forward, then downwards and back-

ward, the long axes of both wings moving

together in ellipses. This wing movement
appears much like the butterfly stroke of

human swimmers. This movement is dis-

tinct from the agonistic wing thrusts de-

scribed for females of Aciurina mexicana

by Jenkins ( 1 990) and others. Two- and 1
0-

day-old, virgin females of To. cressoni re-

peatedly signaled their nonreceptiveness to

same-aged males, in arenas, by rapidly rush-

ing towards them with their wings extended

forwards, costal surfaces downward and

ventral surfaces anteriorad. One 10-day-old

male displayed similar agonistic behavior

towards the same-aged female with which

he was caged. The onrushing females and

male came close to the other flies, but al-

ways avoided touching by stopping or turn-

ing.

Seasonal history.— Tomoplagia cressoni

has at least two, sometimes three, annual

generations in southern California: one on

Tri. californica in the low-elevation Colo-

rado Desert each spring, another produced

on its alternate host, P. microcephala, in

interior valley foothills in the summer, and

under certain conditions, a third generation

produced on Tri. californica in the fall. The
long-lived adults may migrate to bridge the

time intervals and distances separating

flowering populations of these two hosts.

How and if, the third potential host plant,

H. shockleyi, fits into this scheme has yet

to be determined. During and following the

exceptionally wet winter of 1982-83, Tri.

californica flowering and To. cressoni emer-

gence were extended well into the summer
(July) at Chino Canyon. A second flush of

flowerheads and a second generation of To.

cressoni were produced at Chino Canyon in

October and November, 1983, in response

to late-summer rainfall. However, with no

fall rainfall, only one crop of flower heads

and the spring generation of flies were pro-

duced at Chino Canyon in 1984. Appar-

ently, To. cressoni usually infests the earliest

and latest flower heads, but has little success

competing with Tru. actinobola and Tru.

conjuncta for the bulk of the flower heads

produced by Tri. californica (Goeden 1987,

Goeden and Ricker 1989).

Mortality factors.—Some of the parasit-

oids and predators of Tru. conjuncta re-

ported by Goeden (1987) probably also at-

tack To. cressoni as well as Tru. actinobola

in flowerheads of Tri. californica. One male

and one female Eurytoma veronia Bugbee

(Hymenoptera: Eurytomidae) were reared

as primary, solitary, larval-pupal endopar-

asitoids of To. cressoni, and at least Tru.

wheeleri, in heads of P. microcephala. Sim-

ilarly, one female each of Colotrechmis ig-

notus Burks (Hymenoptera: Pteromalidae)
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was reared as a solitary parasitoid from a

puparium of To. cressoni and a larva of ei-

ther Tru. nigricornis or wheeled in heads of

P. micwcephala. Finally, a female Pter-

omalus sp. (Hymenoptera: Pteromalidae)

was reared as a primary solitary parasitoid

of To. cressoni. These parasitoids were

reared from isolated parasitized hosts in a

humidity chamber (76% R.H.).
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LIFE HISTORY OF TRUPANEA CALIFORNICA MALLOCH
(DIPTERA: TEPHRITIDAE) ON GNAPHALIUM SPP. IN

SOUTHERN CALIFORNIA
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Abstract. — Trupanea californica Malloch is a multivoltine, nondiapausing, oligophagous

tephritid reproducing in the flower heads of Gnaphalium and Anaphalis spp. in the tribe

Inuleae of the Asteraceae in southern California. The larvae feed mainly on the ovules

and achenes, and only incidentally on the receptacle. Unlike other flower head-infesting,

nongallicolous Tephritidae, the puparia commonly are oriented with their long axes angled

at 45° or less, or even parallel, to the receptacle surface. The egg, second and third instar

larvae, and puparium are described and figured. The most noteworthy feature of the

immature stages are the open, apparently functional lateral spiracles on the second and

third thoracic segments and all abdominal segments except the last of the third instar.

The presence of these spiracles seemingly contradicts the amphineustic tracheation as-

cribed to larvae of all Muscomorpha, including the Tephritidae.

Key Words: Insecta, Trupanea californica, spiracles, larval tracheation, immature stages,

Gnaphalium, Anaphalis

Despite its namesake, Trupanea califor-

nica Malloch (Diptera: Tephritidae), here-

tofore was not very well known in California

or elsewhere. Our study of this tephritid

continued a series of life histories of differ-

ent species of Trupanea, the largest and most

commonly encountered genus of nonfrugiv-

orous fruit flies in California (Foote and

Blanc 1963, Cavender and Goeden 1982,

Goeden 1987a, 1989)

Materials and Methods

This paper was based on rearing records,

photographs, and laboratory notes of dis-

sections of selected samples of mature flow-

er heads of Asteraceae infested by T. cali-

fornica from among the many samples

collected annually throughout California in

the manner described by Goeden (1985).

Field observations of adult behavior were

made on Gnaphalium beneolens Davidson

at Hemet Lake, San Bernardino National

Forest (southern section). Riverside Co.,

during August and September, 1988 and

1989. Adults studied were either swept from

G. beneolens at Hemet Lake or reared in

glass-topped sleeve cages in the insectary of

the Department of Entomology from bulk

flower-head samples of this and other spe-

cies of Gnaphalium collected elsewhere in

California (Goeden 1985). Behaviors of

adults were observed in screen-topped, clear

plastic laboratory cages or in 9-cm dia., dis-

posable, clear-plastic Petri dishes provi-

sioned with honey and water (Goeden and

Headrick 1990, Headrick and Goeden
1990c). Flies were reared from puparia dis-

sected from flower heads and held sepa-

rately in cotton-stoppered, glass, shell vials

within humidity chambers at 22-24°C and

76% R.H.

Plant names used in this paper follow
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Munz (1974). With one exception, the ma-
terials, methods, format, and nomenclature

used to describe the immature stages follow

Headrick and Goeden (1990a) and Goeden
and Headrick (1990); i.e. glacial acetic acid

(100%) was added to the rehydration and

dehydration steps to maintain natural size

and shape of larvae. Means ± SE are used

throughout this paper. Voucher specimens

of reared adults of T. californica reside in

the research collection of RDG; preserved

specimens of eggs, larvae, and puparia are

in the research collection of immature Te-

phritidae of DHH; vouchers of plants were

stored in the Herbarium of the University

of California, Riverside, only if pressed

specimens were scarce or from northern

California.

Results and Discussion

Taxonomy

Malloch (1942) described T. californica

as a Trypanea, and in part as Trypanea mi-

crosetulosa Malloch, which Foote (1960)

synonymized with californica in his revi-

sion of the genus in North America north

of Mexico. Foote (1960) and Foote and
Blanc (1963) provided photographs of right

wings of females, but adults otherwise have

not been illustrated. The immature stages

heretofore have neither been illustrated nor

described.

Egg.—The egg (Fig. 1 A) is smooth, shiny,

elongate-ellipsoidal, white, and rounded at

the end opposite the reduced, buttonlike,

0.02-mm pedicel. Twelve eggs averaged 0.49

± 0.006 (range, 0.46-0.52) mm in length

and 0. 1 7 ± 0.003 (range, 0. 1 6-0. 1 8) mm in

width. Thus, eggs of T. californica are sim-

ilar in appearance to, but slightly shorter

and thinner on average than, eggs of T. bi-

setosa (Coquillett) (Cavender and Goeden
1982), T. conjuncta (Adams) (Goeden
1987a), and T. imperfecta (Coquillett)

(Goeden 1988).

Third instar larva.— Fully grown larvae

(n = 6) of Trupanea californica are white,

barrel shaped, tapered anteriorly, rounded

posteriorly and measure ca. 3 mm in length

(Fig. 2A). The gnathocephalon is conical and

bears rugose pads on its anterior face (Fig.

2B-1). The mouth hooks are tridentate, and

the median oral lobe is laterally flattened

and tapers to a point anteriorly (Fig. 2C);

however, unlike Paracantha gentilis Hering

(Headrick and Goeden 1990a), the ventral

lobe bears no papillae. The gnathocephalon

surrounds the mouth lumen and has com-
paratively small petals dorsad of the mouth
hooks (Fig. 2D-1) (cf., Headrick and Goe-
den 1990a, Goeden and Headrick 1990).

The dorsal sensory organs each consist of a

single dome-shaped papilla (Fig. 2D-2) and

lie dorsad of the anterior sensory lobes (Fig.

2D-3). The lateral sensory lobes bear two

sensilla, a finger-like projection, and an open

pore (Fig. 2D-4). The posterior portion of

the gnathocephalon is smooth (Fig. 2B).

The anterior portion ofeach segment pos-

terior to the gnathocephalon is circum-

scribed by rows of minute acanthae (Fig.

2B-2). The prothorax bears rugose pads as

well as rows of acanthae on its anterior por-

tion (Fig. 2B), which is unusual among non-

frugivorous larvae described thus far (cf.,

Headrick and Goeden 1990a, Goeden and

Headrick 1990). However, this is a consis-

tent feature of Trupanea larvae examined

to date (Headrick, unpublished data). The
anterior thoracic spiracles are located dor-

solaterally on the posterior portion of the

segment, and each spiracle is topped with

four tubular openings (Fig. 2E). The pro-

thorax also bears several stelex sensilla, but

none ofthe typical domed sensilla (cf , Foote

1967, Headrick and Goeden 1990a).

Each segment of the body posterior to the

prothorax, excluding the caudal segment, has

a lateral spiracular complex consisting of a

lateral sensillum (Fig. 2F-1) and a vestigial

lateral spiracle (Fig. 2F-2). The sensillum is

dome-shaped with a central pore which is

typical of nonfrugivorous larvae described

thus far (Fig. 2F-1). Among larvae of other

nonfrugivorous species, the number of such

sensilla varies from one to four per segment

(Goeden and Headrick 1990). Anterior to
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this sensillum on each body segment is an

open, lateral spiracle (Fig. 2F-2, 2G), which

in Stenopa affinis Quisenberry and other te-

phritid species examined to date usually ap-

pears as a closed ecdysial scar, like that on

the posterior spiracular plate (Goeden and

Headrick 1 990, Headrick, unpublished data,

Fig. 2H-3) (the lateral spiracular scar was

incorrectly identified as a depressed sensil-

lum in Goeden and Headrick 1990). How-
ever, in T. californica, these open lateral

spiracles are presumably functional, as each

opens into a lateral commissure of the tra-

cheal system (Fig. 2G). The lateral com-

missures are always present in tephritid lar-

vae and may be seen on the inside walls of

an empty puparium (Snodgrass 1924,

Headrick and Goeden 1 990a, Headrick, un-

published data). These open lateral spiracles

in T. californica are an important discovery

because the larvae of all Muscomorpha, in-

cluding the Tephritidae, are considered am-

phipneustic! Indeed, amphipnuestic tra-

cheation is apomorphic with respect to the

ground plan of the order Diptera and ple-

siomorphic to the Muscomorpha; i.e. such

a character should help to define the prim-

itive sister group of the Muscomorpha
(McAlpine 1989). However, the discovery

ofopen lateral spiracles suggests that a more

primitive holopneustic condition may be

restored (sensu Snodgrass 1924) in tephri-

tids. This finding provides further evidence

that larval Diptera characters used today to

define relationships are in need of more de-

tailed examination. As recently noted by

Headrick and Goeden (1990a), the discov-

ery of anatomically complex structures in

tephritid larvae, such as the median oral

lobe, and in the present study, the open lat-

eral spiracles, highlights the need for further

morphological research on characters that

may be useful phylogenetically.

The frugivorous larvae of Rhagoletis po-

monella Walsh examined by Snodgrass

(1924) had lateral commissures on the me-

sothorax and all but the last abdominal seg-

ments inside the puparium. Snodgrass

(1924) also noted that the lateral spiracles

were impossible to see by surface exami-

nation until the "skin hardens to form the

puparium." Today, with the SEM, these lat-

eral spiracles are visible on at least the third

instar of tephritid larvae, as are the asso-

ciated sensilla which Snodgrass (1924) was

unable to observe.

The posterior segment is rounded and

bears the posterior spiracular plates (Fig.

2H). Each plate bears three elongate-oval

rimae (Fig. 2H-1, the longest rima was 0.04

mm long), four interspiracular processes

with six to eight branches each (the longest

process was 0.01 mm. Fig. 2H-2), and an

ecdysial scar (Fig. 2H-3).

Second instar larva.—A single second in-

star larva was greyish white, sub-spherodial,

and measured 0.35 mm. The gnathocepha-

lon had fewer rugose pads on the anterior

face than the third instar (Fig. 3A-1). The

mouth hooks are bidentate. The median oral

lobe is narrowly tapered anteriorly like the

third instar. The dorsal sensory organs are

single domed papillae (Fig. 3A-2). The an-

terior sensory lobes bear terminal, lateral

and pit sensory organs (Fig. 3B-1,

-2, -3), and the lateral sensory lobes bear

two sensilla as described for the third instar

(Fig. 3C).

The segments posterior to the gnatho-

cephalon are circumscribed by two or three

rows of acanthae, unlike the third instar,

which has more than 10 irregular rows of

acanthae per segment. The posterior spi-

racular plates bear three elongate-oval ri-

mae (Fig. 3D- 1 , the longest rima was 0.00 1

5

mm long) and four interspiracular processes

composed of two to four branches each (the

longest process was 0.001 mm long. Fig.

3D-2).

Second-instar larvae having fewer inter-

spiracular branch numbers, fewer rugose

pads, and bidentate mouth hooks also were

reported for second instars of P. gentilis

(Headrick and Goeden 1990a).

Puparium.—The puparium is elongate-

oval, barrel shaped, rounded on the ends,

and black (Fig. 1 C, 4A). Thirty-four puparia

measured 1.9 ± 0.05 (range, 0.9-2.4) mm
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Fig. 1 . Life stages ofTrupanea californica. A. Two pairs ofeggs in young flower head o^Gnaphalium beneolens

in laboratory, one pair per head is normal; B. Early instar larva (arrow) feeding on ovules in head of G. beneolens;

C. Third instar larva feeding in achene layer in head of G. beneolens; D. Puparium on periphery of receptacle

of head of G. californicum; E. Adult male in typical resting position on head of G. beneolens; F. Male with

inflated abdominal pleura (arrow). Lines = 1 mm.

Fig. 2. Third-instar larva of T. californica. A. Habitus. B. Anterior end, lateral view; 1, rugose pads; 2,

acanthae; 3, rugose pads. C. Anterior end, ventral view; 1, median oral lobe. D. Anterior end, lateral view; 1,

petals; 2, dorsal sensory organs; 3, anterior sensory lobes; 4, lateral sensory lobe. E. Anterior thoracic spiracle.

F. Lateral spiracular complex; 1, sensillum; 2, spiracle. G. Detail of the open lateral spiracle. H. Caudal segment,

posterior view; I, rima; 2, interspiracular process; 3, median ecdysial scar.
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Fig. 3. Second-instar larva of T. californica. A. Anterior end, lateral view; 1, rugose pads; 2, dorsal sensory

organs. B. Anterior sensory lobes; 1, terminal sensory organ; 2, lateral sensory organ; 3, pit sensory organ. C.

Lateral sensory lobe. D. Posterior spiracles; 1 , rimae; 2, interspiracular process.

long by 1.1 ± 0.02 (range, 0.8-1.6) mm
wide. The anterior thoracic spiracles are lo-

cated on the dorsal apex (Fig. 4B-1). The
anterior end is distinctly invaginated (Fig.

4B-2) and lacks well-defined fracture lines

which facilitate adult emergence. The pos-

terior end is smooth (Fig. 4A, C). The largest

spiracular rima (Fig. 4C-1) measured 0.04

mm in length and the longest interspiracular

process measured 0.02 mm in length (Fig.

4C-2).

Distribution and hosts

Foote (1960) examined specimens of

adults collected from 45 localities through-

out California, including most of the those

listed and mapped in Foote and Blanc

(1963). Foote and Blanc (1963) also includ-

ed Arizona, Colorado, Nevada, New Mex-

ico, Oregon, Texas, and Washington in the

distribution of T. californica.

Rearing records ofRDG from the follow-

ing hosts and locations in California aug-

ment those reported by Foote (1 960), Foote

and Blanc (1963), and Goeden (1985): 11

males and 5 females, Gnaphalium luteo-al-

bum L., Canada de Media, Central Valley,

Santa Cruz Island, Santa Barbara Co., 7-x-

1985; 25 males and 25 females, G. micro-

cephalum Nuttall, S of Loleta, Humboldt
Co., 2-ix-1985; 2 males and 4 females, G.

palustre Nuttall, along Clear Lake Road at

Retcher Creek, 1 600 m, Modoc Nat. For-

est, Modoc Co., 25-viii-1989; 1 1 males and
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6 females, G. ramisissimum Nuttall, S of

Loleta, Humboldt Co., 2-ix-1987. The pre-

ceding host records are new for T. califor-

nica. In addition, the following rearing rec-

ords confirm published "unpublished" host

records in Wasbauer (1972): 28 males and

37 females, Anaphalis margaritacia (L.)

Bentham, ex C. B. Clarke, S ofLoleta, Hum-
boldt Co., 2-ix-1987; 2 females, G. chilense

Sprengel, Figueroa Mountain, 1600 m, Los

Padres Nat. Forest, l-v-1985.

Goeden (1985) first reported T. califor-

nica from G. beneolens, G. bicolor Biolette,

and G. californicum deCandolle. Since 1980,

RDG (unpublished data) also has sampled

but did not rear T. californica from four of

the six other genera in the Tribe Inuleae that

are native to California, i.e. Antennaria (n

= 6), Filago (n = 3), Micropus (n = 1), Plu-

chea (n = 3). Thus, this tephritid apparently

reproduces only in flower heads oiAnapha-

lis and Gnaphalium spp. among California

Inuleae. Other oligophagous, flower head-

infesting species in California also show host

preferences for different tribes, e.g. Neote-

phritis finalis (Loew) for the subtribe Ver-

besininae ofthe Tribe Heliantheae (Goeden

et al. 1987) and Tomoplagia cressoni Aczel

for the Tribe Mutiseae (Goeden and Head-

rick, unpublished data). Host preferences of

most species of Urophora and Neaspilota

for the Tribe Astereae in California were

reported by Goeden 1987b, 1989). How-
ever, Trupanea spp. attack native hosts in

nine of 1 2 tribes of California Asteraceae

(nine of 10 native tribes) (Goeden 1985,

unpublished data).

Unlike Trupanea conjuncta (Goeden
1987a), T. californica does not also facul-

tatively form galls of terminal buds on the

same species of host plant; however, at least

one other species of Trupanea, i.e. T. sig-

nata Foote (Goeden, unpublished data) does

form galls on G. luteo-album.

Foote ( 1 960) noted the collection ofadults

of T. californica from species oi Artemisia,

Parthenium, Prunus, Brassica, and Sola-

Fig. 4. Puparium of T. californicum. A. Habitus,

anterior end at right. B. Anterior end, anterior view;

1, anterior thoracic spiracles; 2, invagination scar. C.

Posterior end, spiracular plate; 1, rima; 2, interspiracu-

lar process; 3, ecdysial scar.

num, none of which are hosts of T. califor-

nica. This again demonstrated that sweep

records for adults of flower head-feeding te-

phritids often are misleading as indicators
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ofreproductive host relations, as noted else-

where (Goeden 1987b). More likely, swept

adults were foraging opportunistically on

nectar, pollen, plant sap at wounds and oth-

er other sources ofexudates, on homopteran

honeydew, or were merely resting or seeking

shelter on these non-host plants (Christen-

son and Foote 1960).

Biology

Egg.— Eggs were laid in immature, closed

flower heads of G. beneolens in the field,

usually in pairs, but also as one, or rarely,

as three per head (Fig. 4a). The aculeus (ovi-

positor) is inserted in the notch between the

tips of two outer phyllaries and pierces one

or more underlying bracts in reaching the

oviposition site. The eggs are laid side by

side among, alongside, and with their long

axes parallel to the floral tubes and pappus

hairs. Their nonpedicellar ends rest just

above the ovules. The eggs are lightly glued

together along most or part of their lengths.

The adhesive substance is transparent and

thinly coats the egg body at oviposition, as

reported for T. imperfecta (Goeden 1988),

but does not engulf and obscure the non-

pedicellar end, as described for T. conjuncta

(Goeden 1987a).

No more than three eggs or larvae were

found in each of 1 infested heads collected

at Lake Hemet; however, in laboratory cag-

ings, as many as six eggs were deposited in

individual heads of excised inflorescences

caged with a field-collected female for 3 days.

This suggested that oviposition in individ-

ual heads in nature probably was limited by

the short duration that the head is in a suit-

able stage, rather than by the deposition of

a deterrent by a female after oviposition

(flower head size probably also influences

oviposition; see below).

Larva.—Newly hatched larvae tunneled

into the ovules (Fig. 4b). Feeding is largely

confined to the ovules and immature
achenes, with no, minimal, or deep scoring

of the receptacle in G. beneolens (Fig. IC).

Only nine (4.5%) of 198 heads of G. beneo-

lens contained three T. californica late-stage

larvae or puparia (indicative of completed

larval development), whereas 105 (53%)

contained two individuals and 84 (42.4%)

contained one individual. This host aver-

aged 1.6 ± 0.41 T. californica per infested

head. In heads with three individuals, little

waste material was present in the open feed-

ing chambers, the receptacles were deeply

scored, and at best, only two flies had com-
pleted their development and emerged. In

heads in which one or both larva(e) had died

prematurely, the receptacle was less likely

to be scored. Similarly, heads with only one

larva or puparium usually contained a few

intact achenes in a crescent along one side

of the feeding chamber. Thus, the larva ap-

parently scored the receptacle only after de-

pleting most ofthe achenes, whereas in heads

containing two or rarely three puparia (none

of the latter heads yielded three adults), the

receptacle was usually scored deeply. This

suggested that the achenes provide insuffi-

cient food for three individuals to complete

their development in heads of G. beneolens;

i.e. one of the three larvae (eggs) was su-

pernumerary.

Forty-five (90%) of 50 mature infested

heads of G. luteo-album (generally smaller

than G. beneolens, Munz 1974) yielded only

one T. californica and five ( 1 0%) contained

two individuals for an average of 1 . 1 ± 0.43

individuals per head. Among 50 mature in-

fested heads of G. californicum (generally

larger than G. beneolens, Munz 1974), 25

(50%) bore one individual, 19 (38%) bore

two individuals, and six (12%) bore three

individuals. This host averaged 1.6 ± 0.10

individuals per head, and some heads yield-

ed three adults. Intact achenes remained in

all heads of G. luteo-album, and the recep-

tacles were scored in 48 (96%) of 50 heads.

Intact achenes also remained in all heads of

G. californicum attacked by T. californica,

and the receptacles were scored in 44 (88%)
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ofthese larger heads. Pair wise comparisons

of mean tephritids per head at the 1% level

indicated that G. luteo-album heads con-

tained significantly fewer T. californica than

the other two host species, which were not

significantly different. This suggested that

fly production was resource-limited only in

the smaller size flower heads of G. luteo-

album, to which T. californica apparently

adjusted by laying fewer eggs. Interestingly,

T. californica apparently did not take ad-

vantage of the greater resources offered by

the larger flower heads of G. californicum

by laying more than three eggs or producing

more than three adults per head under field

conditions.

Unlike several other nongallicolous, flow-

er head-infesting species recently studied,

e.g. Paracantha gentilis Hering (Headrick

and Goeden 1990a,c), Neaspilota virides-

cens Quisenberry, and Tomoplagia cressoni

(Goeden and Headrick, unpublished data),

T. California apparently has not evolved the

behavior of switching as a third instar larva

from ovule or achene feeding to scoring the

receptacle to feed primarily on the sap that

collects in the depression formed. Instead,

T. californica continues to feed on the

achenes, and may incidentally also score the

receptacle during the last stadium.

Puparium.—When feeding is completed

in heads of G. beneolens, one or two (rarely

three) larva(e) pupariate within their sepa-

rate feeding charhbers in the achene layer.

The long axes of any two puparia in the

same head are either parallel or crossed, and

their anterior ends are directed either up-

ward and away from the receptacle or to-

ward the same or opposite side(s) of the

head. The smooth-walled feeding chamber

is lined laterally with dried, reddish-brown,

hardened plant sap- and liquid feces-im-

pregnated debris and is defined above by a

cap of apical fragments of achenes glued to-

gether laterally.

Many puparia in G. beneolens were ori-

ented with their long axes perpendicular (or

nearly so) to the receptacle, as usually occurs

with other flower head-infesting species

of Tephritidae (e.g. Cavender and Goeden

1982, Goeden 1987a, 1988, Goeden et al.

1987, Headrick and Goeden 1990a, c).

However, in smaller heads of G. beneolens

and all heads of G. luteo-album, the ori-

entation of the long axes of about half of

the puparia was between 45° and parallel

with the receptacle. Furthermore, in the 50

large heads of G. californicum, each of one

to three puparia were oriented parallel to

the receptacle within separate, peripheral

feeding cells in which they rested alongside

and lengthwise, touching the inner phylla-

ries (Fig. ID). Trupanea californica thus

provides the only example known to us of

a nongallicolous, flower head-infesting te-

phritid that does not always, or nearly

always, pupariate with its long axis per-

pendicular to the receptacle surface. Ac-

cordingly, when the adult emerges from its

puparium, it crawls upward along the ad-

axial surface of the inner phyllaries to exit

laterally from a flower head.

Adult.—Ten newly emerged females all

contained immature ovaries, and like fe-

males of other stenophagous, synovigenic

species of Trupanea studied to date (Cav-

ender and Goeden 1982, Goeden 1987a,

1989), showed little abdominal fat-body tis-

sue. Trupanea conjuncta and T. imperfecta

usually remain sexually immature until their

sole- or two-known hosts, respectively, re-

sume flowering, which may not occur for a

month or so after the flies emerge, or be

deferred for as long as a year (Goeden 1 987a,

1989). Like T. bisetosa (Cavender and Goe-

den 1982), however, T. californica has sev-

eral host species on which it can mature and

reproduce in sequence throughout much of

the year in southern California.

Adults of T. californica are long-lived.

Five males lived an average of 87 ± 16

(range, 59-149) days in the laboratory on a

diet of honey and water; six females aver-

aged 109 ± 17 (range, 52-156) days. No
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sexual maturation or mating occurred with

this diet.

Both males and females were quiescent

at midday and active during mornings and

afternoons. When at rest, both sexes

groomed and pumped their mouth parts

rapidly. Occasionally, a drop of clear liquid

was issued and suspended from the pump-

ing labella. The droplet was either imbibed

and reissued or placed upon the substrate,

where it dried to form a translucent spot.

Another droplet might be produced within

a few seconds after imbibation of the pre-

vious droplet (cf , Headrick and Goeden

1990b). One female produced three drops

in a 15-min observation period and placed

each droplet on the substrate after forming

and imbibing them two to three times in

succession. This behavior was observed in

both males and females; moreover, both

sexes produced similar size droplets of clear

fluid from their terminalia. Females pro-

duced a droplet by extending the aculeus

twice in succession almost to its full length

while the droplet grew with each extension.

The drop was formed subapically on the

ventral surface ofthe extended aculeus, then

placed down on the substrate. Males simply

produced the drop from their terminalia and

deposited it on the substrate. Such behavior

may have helped to increase (by evapora-

tion) the concentration of sugars and pro-

teins in the watery food supplied under lab-

oratory conditions.

Resting adults held their wings over their

dorsa and parallel to the substrate such that

the preapical stellate marks were contiguous

but not overlapped (Fig. IE). Spontaneous

wing displays by both sexes occurred

throughout the day. These displays consist-

ed ofalternate supination ofeach wing from

a resting position over the dorsum and par-

allel to the substrate until the wing was near-

ly perpendicular to the midline of the body.

During this wing motion, several discrete

elements were observed. The wing was

brought forward through an arc to where

the costal margin was parallel with the sub-

strate. The wing blade was supinated through

90°, but the anal angle was projected for-

ward even farther, and the wing was rapidly

vibrated during the motion. Once the wing

was supinated to its forward position, it was

held there for variable durations, but usu-

ally for not more than 1 s. It was also noted

that the abdomen was moved dorsoven-

trally three or four times in rapid succession

after two or three wing displays. Males also

tended more than females to display ha-

mation of their wings when finishing with

a wing display episode. Hamation is a new
term defined here as the holding ofthe wings

over the dorsum parallel to the substrate

and moving them together from one side to

the other through about 45°, usually done

several times in quick succession. The wings

are then held motionless in the typical rest-

ing position. Hamation is derived from the

Greek pronoun hama meaning "together."

Both sexes also rocked sideways back and

forth during various phases of a wing dis-

play episode.

The wing display was often exaggerated

if directed toward another adult. Each wing

was brought forward through a higher arc,

the supination was to a greater degree, and

the wing was held out beyond the perpen-

dicular plane so that the apex of the wing

was as far forward as the head.

Males showed interest in females at about

1 500 h PDT daily, by facing them stilting

on their forelegs, distending their abdomi-

nal pleura (Fig. IF), and displaying their

wings. The wing display during courtship

behavior was unique to the male and con-

sisted of holding the wings upward at about

45° and away from the body at about 45°.

The wings were rapidly vibrated in this po-

sition, but no supination or forward exten-

sion was involved. The abdomen was raised

about 45° between the partially spread wings,

and the antennae projected straight forward

from the head.

Unfortunately, no female was receptive

to a displaying male under laboratory con-

ditions. A nonreceptive female either walked
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or flew away, or boxed him with her front

legs until he retreated. Sometimes, the male

approached the female more passively; i.e.

without abdominal pleural distention and

with his wings held closely overlapped on

his dorsum such that the preapical stellate

marks on each wing were contiguous. Again,

the nonreceptive female either decamped or

showed aggression toward the male.

Aggression was frequently observed be-

tween caged couples. Each sex displayed ag-

gression toward the other, which usually re-

sulted in the nonaggressive individual

walking or flying away.

Seasonal history

Trupanea californica is multivoltine in

southern California. Adults have been reared

from flower heads of different hosts col-

lected during every month but December
and January. No evidence of diapause was

found in southern California. Like Neote-

phritis finalis (Goeden et al. 1987), T. cal-

ifornica reproduces on a succession of hosts

throughout most of the year, exploiting

flower heads produced at different times at

diflerent altitudes or for long periods by cer-

tain hosts in mild coastal areas and inland

valleys.
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v4/75/rac/.— Twenty-four species of chalcidoid parasites of the five economically impor-

tant species of Lihomyza in North America are reviewed, plus four species which may
prove to parasitize these Liriomyza species. A key is presented to distinguish these species,

and each species is discussed, with host and distributional information given. Species

names are corrected to reflect currently applied nomenclature, and a complete list of all

names that have been used for these parasites is given, indicating currently recognized

names and all other names used for any of these species.
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Pteromalidae

Five species oiLiriomyza (brassicae, hui-

dobrensis, sativae, trifoliearum, trifolii) are

considered to be of economic importance

in North America (Spencer 1973, Parrella

1982). Confusion concerning the identity of

these Liriomyza species has been rectified

by several recent papers (Spencer 1981,

Spencer and Steyskal 1986, Parrella 1982).

The purpose of the present paper is to ex-

amine the chalcidoid parasite complex of

these leafminers, present a means for the

identification of the parasites, and to up-

grade the nomenclature of the parasites in

light of several recent papers on the system-

atics of these groups.

A large parasite complex is associated with

these leafminers; 24 species ofChalcidoidea

are now known from North America. Al-

though keys to identify many of the indi-

vidual genera and species are available, no

* Current mailing address: Dr. John LaSalle, CAB
International, Institute ofEntomology, 56 Queen's Gate,

London, SW7 5JR, UNITED KINGDOM.

key currently encompasses the entire chal-

cid fauna of Liriomyza parasites. The pres-

ent paper treats all species ofchalcidoid par-

asites recorded from of these leafminer

species in North America. An additional

four species, Diglyphus isaea, D. earlylei,

Chrysocharis liriomyzae, C. ignota, are in-

cluded in this paper because they are either

very closely related to included species and

may be confused with them, or they are

suspected to be parasites ofthese Liriomyza

species or become so in the future. A key is

presented to distinguish these 28 species,

and each species is discussed in the text,

with diagnostic characters, and host and

distributional information given.

Table 1 gives all names used for the leaf-

miner parasites in the North American lit-

erature and indicates: currently valid names;

the currently recognized names for species

which are no longer consider valid; and all

generic combinations (including the valid

one) used for any of the specific names.

This paper is not intended to be revi-
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Table 1 . List of all names used for Nearctic Lir-

iomyza parasites. Currently valid names in boldface.

Generic names in parentheses are other generic names

under which a species has been treated in the literature.

acantha (Walker), Pediobius

aenea (Walker), Halticoptera [misidentification of H.

circulus (Walker)]

agromyzae (Crawford), Chrysonotomyia (Derostenus)

= C. pimctivenths (Crawford) [although see discus-

sion in text under C. pimctivenths]

ainsliei Crawford, Chrysocharis

americanum Girault, Zagrammosoma
arizonensis (Crawford), Chrysonotomyia (Derostenus)

= C. punctiventris (Crawford)

begin! (Ashmead), Diglyphus (Diaulinus, Solenotus)

callichroma Crawford, Diaulinopsis

cinctipennis Ashmead, Closterocerus

circulus (Walker), Halticoptera

crassiscapus (Thomson), Chrysocharis

diastatae (Howard), Chrysonotmyia (Derostenus)

flavipes (Ashmead), Pnigalio

flavoviridis Crawford, Cirrospilus

formosa (Westwood), Chrysonotomyia (Achrysochar-

ella)

fullawayi (Crawford), Chrysonotomyia (Derostenus,

Achrysocharella) = C. formosa (Westwood)

giraulti Yoshimoto, Chrysocharis

ignota Hansson, Chrysocharis

intermedins (Girault), Diglyphus (Solenotus)

isaea (Walker), Diglyphus

lineaticeps (Girault), Zagrammosoma (Mirzagram-

mosoma)

liriomyzae Delucchi, Chrysocharis

mallochi Gahan, Chrysocharis = C. crassiscapus

(Thomson)

mirum Girault, Zagrammosoma
multilineatum (Ashmead), Zagrammosoma
oscinidis Ashmead, Chrysocharis

parksi Carwford, Chrysocharis = C. oscinidis Ashmead
patellana (Dalman), Halticoptera [misidentification of

H. circuhis (Walker)]

petiolata (Girault), Chrysocharis = C. girauhi Yoshi-

moto
pictipes (Crawford), Chrysonotomyia (Derostenus)

pulchripes (Crawford), Diglyphus (Solenotus)

punctiventris (Crawford), Chrysonotomyia (Derosten-

us. Achrysocharella)

rugosithorax Crawford, Pediobius (Pleurotropis) = P.

acantha (Walker)

trifasciatus Westwood, Closterocerus

utahensis Crawford, Closterocerus

variipes (Crawford), Chrysonotomyia (Derostenus.

Achrysocharella) = C. formosa (Westwood)

viridis Provancher, Chrysocharis = C. oscinidis Ash-

mead
websteri (Crawford), Diglyphus (Solenotus)

sionary in nature, but rather a means of

identifying known Liriomyza parasites.

Many of the genera treated here are badly

in need of work, and there are problems

which cannot be resolved without detailed

revisionsary studies. It is out of the scope

of this paper to attempt to solve all of these

problems, however we try to point out prob-

lem areas when we are aware of them. The
key, discussions, and generic diagnoses are

based on females only, and are not intended

for general use, only for species reared from

Liriomyza. Complete revisions of the var-

ious genera are referred to in the text and

the reader can consult these ifthere is doubt

about species identifications.

Tables which summarize parasite/L/>/o-

myza interactions have previously been

presented (Minkenberg and van Lenteren

1 986, Johnson and Hara 1 987), and we have

condensed and modified these tables to em-
phasize the chalcidoid fauna associated with

the five most important Liriomyza species

in North America (Table 2). Records for

parasites not determined to species are

omitted. Recent reviews o{ Liriomyza con-

tain more complete lists ofreferences to par-

asite biology, behavior, and effectiveness

(Parrella and Robb 1985, Minkenberg and

van Lenteren 1986).

Parasites

The Chalcidoidea contains 24 species of

known parasites of the 5 economically im-

portant Liriomyza species in the Nearctic

region. These are predominantly in the fam-

ily Eulophidae, with a single Pteromalidae,

Halticoptera circulus (Walker). The euloph-

id parasites o{Liriomyza are in the subfam-

ilies Entedoninae and Eulophinae (tribes

Eulophini and Elachertini). Oatman and

Kennedy (1976) list a Tetrastichus sp. (Tet-

rastichinae), however they do not supply a

species name for this parasite.

General host associations and distribu-

tion are given for all parasites. This infor-

mation is taken from catalogues of North

American Chalcidoidea (Peck 1963), North
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Table 2. Host associations between Nearctic Liriomyza species and their parasites condensed from Min-

kenberg & van Lentem (1986) and Johnson & Hara (1987).

brassicae hiudobrcnsis tnfoliearuin

Diglyphus begini + + +

Diglyphus intermedins + +
Diglyphus pulchripes

Diglyphus websteri

Pnigalio flavipes

Chrysocharis ainsliei + +
Chrysocharis giraulti

Chrysocharis crassiscapus +
Chrysocharis oscinidis + +
Chrysonotomyia diastatae

Chrysonotomyia formosa

Chrysonotomyia pictipes ?*

Chrysonotomyia punctiventris + + +
Closterocerus cinctipennis

Closterocerus trifasciatus

Closterocerus utahensis

Pediobius acantha

Zagrammasoma american u

m

Zagrammasoma lineaticeps

Zagrammasoma mirum
Zagrammasoma multilineatum

Cirrospilus flavoviridis

Diaulinopsis callichroma +
Halticoptera circulus + + +

" Oatman & Platner ( 1 969) recorded the species Derostenus punctipes Crawford. There is no such species name
and it may have been that they meant to refer to this species.

American Hymenoptera (Burks 1979a, b) l'- Tarsi 4-segmented. Antenna with 2^ fumc-

and revisions of the various genera (which "i^"" segments. (Euiophidae) .... l

... J , X J ..u 1
2. Scutellum with 2 setae (1 pair) (Figs. 4-5,21-

are hsted under each genus), and these works
,2). Submargmai vein with 2 dorsal setae

should be checked ifmore complete records (pjg^ 6_8 \ i_i2). (Entedoninae) 3

are desired. Complete synonymy lists are 2'. Scuteiium with at least 4 setae (2 pairs) (Figs.

not given for the genera and species of par- 42^3). Submarginal vein with more than 2

asites, although all names used in the lit-
do^-^^l ^^^^^ (^'g^- ^-^^^ 13-18). (Euioph-

J . . -^ inae) 15
erature on Linomyza parasites are given in

3 p^^p^^eum with complete parallel plicae, and
the text and in Table 1 . Complete synonymy ^^^ median carina which diverge posteriorly

lists can be found in the above mentioned (Fig. i). (genus Pediobius)

catalogues and under the various generic re- Pediobius acantha (Walker)

3'. Propodeum without plicae; median carina (if

present) not posteriorly bifurcate (Figs. 2-3,

25-28) 4

Key TO Species of 4. Forewing with 2 or 3 distinct, although some-

Liriomyza Parasites ^'"^^^ *'^'"^' transverse bands (Fig^ 6). Scape

at least slightly flattened and produced ven-

trally (Figs. 29, 30). Funicle usually slightly

Visions.

Based on Females

Tarsi 5-segmented. Antenna with 6 funicular to distinctly flattened (Fig. 30). (genus Clos-

segments. (Pteromalidae). Notauli complete. terocerus) 5

Petiole distinct, although may be small. Male 4'. Forewing without dark bands, at most with

with maxillary palpi enlarged, yellow, (genus a single slightly darkened area beneath stig-

Halticoptera) .... Halticoptera circulus (Walker) mal vein. Scape and funicle not flattened . . 7
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10'

II.

II'

12.

12'

13.

Scape widest subapically, narrowing to apex;

funicle and pedicel not or only very slightly

flattened (Fig. 29). Mesonotum green

Closterocenis cinctipennis Ashmead 1
3'.

Scape widest at apex; funicle and pedicel def-

initely flattened (Fig. 30). Entire body purple

to bluish 6 14.

Propodeum distinctly sculptured, with at least

some raised, reticulate sculpture medial to

spiracle (Fig. 2)

Closterocerus trifasciatus Westwood
Propodeum smooth over entire surface, or 14'.

with only very faint sculpturing (Fig. 3) . . .

Closterocerus utahensis Ashmead
Postmarginal vein shorter than the stigmal

vein (Figs. 7, 8). Eyes not emarginate. Meta-

soma without distinct petiole (Figs. 4, 5). (ge-

nus Chrysonotomyia) 8 15.

Postmarginal vein definitely longer (at least

1.5 times) than stigmal vein (Figs. 11, 12).

Eyes usually more or less emarginate (Figs.

23, 24). Petiole present and distinct (Figs. 25- 1
5'.

28). (genus Chrysocharis) 10

Forewing smoothly rounded apically; slightly

more than 2 x longer than wide (Fig. 7) . . , 16.

Chrysonotomyia pictipes (Crawford)

Forewing somewhat truncate apically; slight- 1
6'.

ly less than 2x longer than wide (Fig. 8). . . 9

Dorsum of mesosoma with uniform, reticu- 1 7.

late, distinctly raised sculpture (Fig. 4). Scu-

tellum uniformly colored

Chrysonotomyia formosa (Westwood)

Dorsum of thorax with at least parts of the 17'.

scutellum smooth, or with engraved sculp-

ture, or with very weak raised sculpture, but

in some way differing from strong, uniform,

raised reticulations (Fig. 5). Scutellum with

two distinct colors, purple to blue anteriorly,

metallic green posteriorly 18.

Chrysonotomyia diastatae (Howard)

Chrysonotomyia punctiventris (Crawford)

Occiput with a complete sharp, raised carina, 1
8'.

which extends the entire width of the vertex

(Fig. 19) .... Chrysocharis liriomyzae Dt\ucc\\\

Occiput either without carina, or with a ca- 19.

rina which is only present medially (Fig.

20) II

Longitudinal median groove present in pos-

terior part of mesoscutum and anterior part

of scutellum (Fig. 21)

Chrysocharis crassiscapus (Thomson) 19'.

Mesoscutum and scutellum without median
longitudinal grooves (Fig. 22) 12

Petiole more than 2 times longer than wide 20.

(Fig. 25) Chrysocharis ignota Hansson
Petiole less than 2 times longer than wide

(Figs. 26-28) 13 20'.

Petiole 1. 5-1. 8 times longer than wide (Fig.

26). Dorsellum (Fig. 26) slightly wider and

shorter than that seen in following species

(Figs. 27-28) . . Chrysocharis girauhi Yoshimoto

Petiole 1.0-1.5 times longer than wide (Figs.

27-28). Dorsellum somewhat narrower and

longer than in C. girauhi 14

Eyes comparatively larger (Fig. 23). Petiole

1.0-1.5 X longer than wide (Fig. 27). Post-

marginal vein about 2 x longer than stigmal

vein (Fig. 1 1). Hind femora always complete-

ly pale yellow . . Chrysocharis oscinidis Ashmead
Eyes comparatively smaller (Fig. 24). Petiole

about as long as wide (Fig. 28). Postmarginal

vein often less than 2 x longer than stigmal

vein (Fig. 12). Hind femora usually dark,

rarely completely pale yellow

Chrysocharis ainsliei Crawford

Notauli incomplete, if traceable to hind mar-

gin of mesoscutum then they are indistinct

and shallow posteriorly (Fig. 43). (Euloph-

ini) 16

Notauli complete and distinct, clearly reach-

ing either hind margin of mesoscutum or ax-

illae (Figs. 40-42). (Elachertini) 21

Antenna with 2 funicular segments (Fig. 3 1 ).

(genus Diglyphus) 17

Antenna with 4 funicular segments (Fig. 32).

(genus Pnigalio) . . . Pnigalio flavipes (Ashmead)

Fore wing densely setose, the basal cell uni-

formly, densely setose (Fig. 13). Stigmal vein

and postmarginal vein subequal in length.

Antennal scape always dark 18

Fore wing not so setose, the basal cell not

uniformly setose, with at least some areas of

sparser setation (Figs. 14-16). Stigmal vein

usually shorter than postmarginal vein. An-

tennal scape either entirely dark, or with bas-

al portion white 19

Basal 0.25-0.35 of hind tibia with dark me-

tallic coloration, some dusky coloration dis-

tally (Fig. 33) . . Diglyphus intermedins (Girault)

At least 0.75 of hind tibia with dark metallic

coloration; coloration not fading distally (Fig.

34) Diglyphus isaea (Walker)

Basal portion ofhind tibia with dark, metallic

ring less than 0.25 the length of tibia (some

dusky coloration may be present past this

basal ring) (Figs. 35-36). Antennal scape uni-

formly dark Diglyphus begini (Ashmead)

Diglyphus carlylei (Girault)

Basal portion ofhind tibia with dark, metallic

ring at least 0.50 the length of tibia (Fig. 37).

Antennal scape white basally 20

Postmarginal vein always distinctly longer

than stigmal vein (Fig. 15)

Diglyphus websteri (Crawford)

Postmarginal vein at most slightly longer than

stigmal vein, usually shorter than stigmal vein;
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stigmal vein somewhat swollen (Fig. 16) .

.

Diglyphus pulchripes (Crawford)

21. Notauli curving to meet axillae, well sepa-

rated from posterior margin of mesoscutum

(Fig. 40). Head vaulted above compound eyes

(Fig. 38). (genus Zagrammosoma) 22

21'. Notauli straight, extending to posterior mar-

gin of mesoscutum (Fig. 41). Head not so

vaulted, not extending distinctly higher than

compound eyes (Fig. 39) 25

22. Metasoma entirely black (Fig. 44) 23

22'. Metasoma yellow, although with black mark-

ings (Figs. 45^6) 24

23. Mesosoma dorsally with wide, median yel-

low stripe (Fig. 44). Forewing (in addition to

other markings) without a dark stripe along

apical margin (Fig. 10)

Zagrammosoma mirum Girault

23'. Mesosoma dorsally black (may have narrow

yellow stripe laterally on pronotum). Fore-

wing (in addition to other markings) with a

dark stripe along apical margin in posterior

half (Fig. 9)

Zagrammosoma lineaticeps (Girault)

24. Anterior margin of mesoscutum with dark

transverse stripe that is enlarged laterally

forming a spot (sometimes concealed beneath

posterior margin of pronotum) (Fig. 45) . .

.

.... Zagrammosoma multilineatum (Ashmead)

24'. Anterior margin of mesoscutum without

transverse stripe (Fig. 46)

Zagrammosoma americanum Girault

25. Postmarginal vein much longer (nearly 2x)

than stigmal vein (Fig. 17). (genus Diauli-

nopsis). Thorax entirely metallic green ....

Diaulinopsis callichroma Crawford

25'. Postmarginal vein about as long as or shorter

than stigmal vein (Fig. 18). (genus Cirrospi-

lus). Thorax metallic green with yellow mark-

ings Cirrospilus flavoviridis Crawford

Family Eulophidae

Subfamily Entedoninae

Genus Chrysocharis Forster

(Figs. 11-12, 19-28)

Diagnosis.— Scutellum with 2 setae (1

pair); submarginal vein with 2 dorsal setae;

propodeum without plicae; wings hyaline;

postmarginal vein distinctly longer than

stigmal vein; petiole present and distinct,

usually at least as long as wide; eyes usually

slightly emarginate.

Discussion.— Nearctic species of the ge-

nus Chrysocharis revised by Hansson ( 1 987),

who provided a key to species, and host and

distribution information. A separate paper

(Hansson 1985) treats Palaearctic members

of this genus. Species of Chrysocharis are,

with a few exceptions, primary, solitary, en-

doparasites of larvae and pupae of leafmin-

ing insects. Most are polyphagous, with an

extremely wide host range. For complete

host and distribution lists, see Hansson

(1987), Burks (1979b), Peck (1963).

Chrysocharis ainsliei Crawford

(Figs. 12, 24, 28)

This species and C. oscinidis (= parksi,

viridis) are distinguished from the other

Chrysocharis species because they lack the

distinct, complete carina on the vertex, lack

the longitudinal, median grooves on the me-

soscutum and scutellum, have the petiole

1 .0-1 .5 times longer than wide, and the dor-

sellum slightly longer and narrower than that

seen in C girauhi. This species is variable,

and difficult to distinguish from C oscinidis.

Chrysocharis oscinidis has completely pale

hind femora, and ainsliei has previously

been separated from oscinidis as it has dark

hind femora. However, Hansson (1987) has

shown that this character is variable, and

specimens o{ ainsliei with pale hind femora

are known. Apparently the only valid char-

acters for separating these two species are

those given by Hansson (1987) and repeated

in the key in this paper: the eyes are some-

what larger in oscinidis than in ainsliei; the

petiole in ainsliei is about as long as wide,

in oscinidis it ranges from 1.0-1.5 x as long

as wide; the postmarginal vein in ainsliei is

often less than 2 x longer than the stigmal

vein, in oscinidis it is always about 2 x lon-

ger than the stigmal vein.

Distribution. — Widely distributed and

common throughout the Nearctic region.

Also known from Cuba, Guam, Hawaii, and

Europe.

Hosts.— Larval-pupal parasite of leaf-

mining Agromyzidae.
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Plate 2. (Figs. 6-10). Female forewings. 6. Closterocerus utahensis. 1. Chrysonotomyia pictipes. 8. Chryso-
notomyia diastatae. 9. Zagranimosoma lineaticeps. 10. Zagrammosoma mirum. Scale bars = 0.3 mm. pmv =
postmarginal vein; smv = submarginal vein; sv = sligmal vein.
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Plate 3. (Figs. 1 1-18). Female forewing ventation. 1 1. Chrysocharis oscinidis. 12. Chrysochahs ainsliei. 13.

Diglyphus intermedius. 14. Diglyphus begini. 15. Diglyphus websteri. 16. Diglyphys pulchripes. 17. Diaulinopsis

callichroma. 18. Cirrospilus flavoviridis. Scale bars = 0.3 mm. be = basal cell; mv = marginal vein; pmv =

postmarginal vein; smv = submarginal vein; sv = stigmal vein.

Chrysocharis giraulti Yoshimoto
(Fig. 26)

This species has also been treated as C
petiolata Girault. It is distinguished from

the other Chrysocharis species because it

lacks the distinct, complete carina on the

vertex, lack the longitudinal, median grooves

on the mesoscutum and scutellum, the pet-

iole is 1.5-1.8 times longer than wide, and
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Plate 5. (Figs. 25-28). Chrysocharis spp., 2, petioles. 25. C. ignota. 26. C. giraulti. 27. C oscinidis. 28. C.

ainsliei. Scale bars = 0.1 mm. ds = dorsellum; pr = propodeum; pt = petiole.

distinct, complete carina on the vertex, lacks

the longitudinal, median grooves on the me-
soscutum and scutellum, and the petiole is

at least 2.0 times longer than wide. This

species was recently described by Hansson

(1987) who, recorded it from Liriomyza sp.

mining herbs. It is included, even though

the exact host species of Liriomyza is yet

unknown.
Distribution.— USA, Canada. Also Cen-

tral America and northern South America.

Hosts.— From Liriomyza sp. on herbs.

Chrysocharis liriomvzae Delucchi

(Fig. 19)

This species has also been treated as C.

punctifacies Delucchi. It is distinguished

from the other Chrysocharis species by the

strong, sharp, complete occipital carina

which extends from the vertex all the way

onto the gena (Fig. 19). This species was

introduced into North American as a par-

asite o{Agromyza frontella (Rondani), with

subsequent establishment (Hendrickson and

Barth 1979, as C. punctifacies). This is the

only known Nearctic host, although it is

known to attack Liriomyza species includ-

ing L. trifolii) in Europe (Boucek and Askew

1968), and it is likely that it will attack Lir-

iomyza in North America.

Distribution.— Palearctic; introduced into

eastern United States, with subsequent re-

covery (Hendrickson and Barth 1979, as C.

punctifacies).
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Hosts. — Leafmining Agromyzidae on
herbs. For a complete list ofhosts in Europe
see Boucek and Askew (1968).

Chrysocharis oscinidis Ashmead
(Figs. 11,20,22, 23, 27)

The species has previously been treated

in the literature as C parksi and C viridis.

It is extremely close to C. ainsliei, and is

discussed under that species. A recent bio-

logical study has been done on this parasite

on L. trifolii (Christie and Parrella 1987, as

C parksi).

Distribution.—Wide distribution through-

out the Nearctic region.

Hosts. — Leafmining Agromyzidae on
herbs, shrubs and trees.

Genus Chrysonotomvia Ashmead
(Figs. 4-5, 7-8)

Diagnosis.— Scutellum with 2 setae (1

pair); submarginal vein with two dorsal se-

tae; propodeum without plicae; wings hy-

aline, or with only a single faint infuscated

area posterior to stigmal vein; postmarginal

vein shorter than (at most as long as) stigmal

vein; metasoma sessile, not definitely peti-

olate; eyes not emarginate.

Discussion.—The genus Chrysonotomyia

and its relatives {Achrysocharis Girault,

Achrysocharella Girault and Neochryso-

charis Kurdjumov) are badly in need of sys-

tematic revision. Neochrysocharis, Achryso-

charella and Achrysocharis have been treated

as distinct genera by European authors

(Graham 1959, Peck et al. 1964, Boucek
and Askew 1968), however in two of these

cases (Peck et al., Boucek and Askew) it was
noted that these genera were probably syn-

onymous. Yoshimoto (1978) placed

Achrysocharis and Achrysocharella in syn-

onymy with Chrysonotomyia {Achrysochar-

ella as a subgenus), but did not mention

Neochrysocharis. Burks (1979b) treated all

four of these as separate genera. Recently,

Boucek (1988) treated Neochrysocharis,

Achrysocharis and Achrysocharella as syn-

onyms of Chrysonotomyia. This is the clas-

sification we are following in this paper, al-

though since then Hansson (1990) treated

European species of Chrysonotomyia and
Neochrysocharis, which he considered as

separate genera, and provided a key for the

separation of these two genera.

The Nearctic Liriomyza parasites in this

genus have previously been treated in the

literature predominantly under the generic

names Achrysocharella and Derostenus. The
genus Derostenus is not closely related to

Chrysonotomyia, but it was previously mis-

understood by North American workers,

with the result that many species of Chryso-

notomyia were described in it.

Yoshimoto (1978) revised the Nearctic

species of Chrysonotomyia, subgenus
Achrysocharella, and provided a key to spe-

cies (which included diastatae, punctiventris

and formosa, but noi pictipes). Despite this

revision, there are still several problems,

and Chrysonotomyia is in need of further

work. We are following the specific synon-

ymies given by Yoshimoto, however pre-

liminary indications are that some of these

synonymies may not be correct, and these

cases are discussed in the text under the

individual species.

Members of Chrysonotomyia are para-

sites of leafmining, leafrolling and leaftying

Lepidoptera, and leafmining Diptera, Hy-
menoptera and Coleoptera, as well as other

phytophagous insects including Cecido-

myiidae and Cynipidae. For complete host

and distribution information see Yoshi-

moto (1978), Peck (1963), Burks (1979b),

Boucek (1988) and Hansson (1990).

Chrysonotomyia diastatae (Howard)

(Figs. 5, 8)

Chrysonotomyia diastatae and C. punc-

tiventris are keyed out together because they

appear very closely related. Examination of

type material indicates that it may not be



582 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

possible to separate these species based on

the characters given by Yoshimoto (1978),

and more detailed study may show them to

be synonymous. They may be distinguished

from the other Chrysonotomyia species be-

cause they do not have the distinct, uni-

form, raised reticulate sculpture on the dor-

sum of the mesosoma or a light infuscated

area posterior to the stigmal vein as seen in

formosa; the wing is somewhat truncate api-

cally and slightly less than 2 x longer than

wide; and the scutellum is distinctly two

colored, purple to blue anteriorly and green

posteriorly.

Distribution.—Wide distribution through-

out the Nearctic region.

Hosts.— Diptera (Agromyzidae, Diasta-

tidae).

Chrysonotomyia formosa (Westwood)

(Fig. 4)

This species has also been treated in the

leafminer literature under the names
Achrysocharella formosa, Derostenus var-

iipes, A. variipes, and D. fullawayi. It is dis-

tinguished from the other species of

Chrysonotomyia by the distinct, uniform,

raised reticulate sculpture on the dorsum of

the mesosoma; and the forewing has a slight

infuscated area immediately posterior to the

stigmal vein. This species is considered im-

portant in regulating populations of L. tri-

folii and L. sativae in vegetable crops (Lema
andPoe 1978).

Distribution.— Wide distribution in the

Nearctic, also known from Europe, Africa

and Hawaii.

Hosts.— Several species of Lepidoptera,

Diptera, Hymenoptera and Coleoptera.

Chrysonotomyia pictipes (Crawford)

(Fig. 7)

This species has also been treated under

the name Derostenus pictipes. It is distin-

guished from the other species o{ Chrysono-

tomyia because it lacks the distinct, uni-

form, raised reticulated sculpture on the

dorsum of the mesosoma, and the slight in-

fuscated area posterior to the stigmal vein

as seen in formosa; the forewing is fairly

uniformly rounded apically and slightly

more than 2x longer than wide; and the

scutellum is uniformly green.

Distribution.— United States, from Col-

orado and Utah to the East Coast.

Hosts.— Agromyzidae.

Chrysonotomyia punctiventris

(Crawford)

This species has also been treated in the

literature under the names Derostenuspunc-

tiventris, D. arizonensis, and D. agromyzae.

It is very similar to diastatae, and is dis-

cussed under that species. One ofthe species

that Yoshimoto (1978) placed under syn-

onymy with punctiventris, C agromyzae

(Crawford), appears not to be this species,

but actually closer to, if not synonymous

with, C pictipes.

Distribution.—Wide distribution through-

out the United States, also known from

Guatemala and Hawaii.

Hosts.— Agromyzidae.

Genus Closterocerus Westwood
(Figs. 2-3, 6, 29-30)

Diagnosis.— Scutellum with 2 setae (1

pair); submarginal vein with 2 dorsal setae;

propodeum without plicae; wings with 2 or

3 dark transverse bands; funicular segments

and pedicel slightly to distinctly flattened.

Discussion.— Crawford (1912) provided

a key to the four species of Closterocerus

known from North America at that time,

however this group has not been treated

since then and it badly needs revision at the

specific level.

Species of Closterocerus are mainly par-

asites of leafmining Coleoptera, Lepidop-

tera, Hymenoptera and Diptera. Complete

host and distribution lists are given in Peck

(1963) and Burks (1979b).
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Plate 6. (Figs. 29-37). 29. Closterocerus cinctipennis, 9, antenna. 30. Closterocerus utahensis, 9, antenna. 31.

Diglyphus intermedius, 9, antenna. 32. Pnigalio flavipes, 9, antenna. 33. Diglyphus tntermedius. 9, hind tibia. 34.

Diglyphus isaea, 9, hind tibia. 35. Diglyphus begini, 9, hind tibia. 36. Diglyphus carlylei, 9, hind tibia. 37.

Diglyphus websteri, 9, hind tibia. Scale bars = 0.1 mm. fun = funicle; ped = pedicel; sc = scape.

Closterocerus cinctipennis Ashmead
(Fig. 29)

Closterocerus cinctipennis can be distin-

guished from the other Closterocerus species

due to the following characters: propodeum

smooth or only very lightly sculptured; scape

widest subapically, tapering apically; funicle

and pedicel not distinctly flattened, only

slightly if at all flattened; mesonotum green.

There are only two transverse bands on the

forewing.
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Distribution.— Predominantly Eastern

North American from Quebec to Florida.

Hosts.— Leafmining Coleoptera, Lepi-

doptera, Hymenoptera and Diptera.

Closterocerus trifasciatus Westwood
(Fig. 2)

Closterocerus trifasciatus can be distin-

guished from the other Closterocerus species

because it has distinct, raised sculpture on

the propodeum, at least in the area just me-

dian to the spiracle. The funicle and pedicel

are distinctly flattened, and there are three

transverse bands on the forewing, although

the proximal one may be weak.

Distribution.—Wide range throughout the

United States; also Europe.

HosXs.— Liriomyza sativae is the only re-

corded host from North America, although

it has been recorded in Europe from a va-

riety of hosts in the Coleoptera, Lepidop-

tera, Hymenoptera and Diptera (see Boucek

and Askew 1968, for a complete list).

Closterocerus utahensis Crawford

(Fig. 3, 6, 30)

Closterocerus utahensis can be distin-

guished from the other Closterocerus species

by the following characters: propodeum
smooth, or only very lightly sculptured;

scape widest at apex; funicle and pedicel

distinctly flattened; entire body blue to pur-

ple. There are two transverse bands on the

forewing, and a faint, complete to partial

third band may be present proximal to the

other two.

Distribution.— Wide range throughout the

United States.

Hosts.— Leafmining Lepidoptera, Dip-

tera and Hymenoptera.

Genus Pediohius Walker

(Fig. 1)

Diagnosis.— Scutellum with 2 setae (1

pair); submarginal vein with 2 dorsal setae;

propodeum with complete parallel plicae,

and two median carinae which diverge pos-

teriorly.

Discussion.—The only member of this

genus which is known from a Liriomyza

species has also been treated under the ge-

neric name Pleurotropis. Nearctic species of

Pediohius were revised Peck (1985), who
provided a key to species and host and dis-

tribution information (mainly Canadian and

Alaskan records). Burks (1966) had an ear-

lier revision ofthis genus, and provided host

and distribution information throughout

North America. Boucek (1965) revised the

Palaearctic members of this genus. Mem-
bers of the genus Pediohius are primary or

secondary parasites on a wide range of hosts.

Many are parasitic on lepidopterous, dip-

terous and coleopterous leafminers, how-

ever only a single Nearctic species, P. acan-

tha, is known to attack Liriomyza.

Pediohius acantha (Walker)

(Fig. 1)

This species has been treated in the lit-

erature under the names Pleurotropis ru-

gosithorax and Pediohius rugosithorax. This

is the only Nearctic species of Pediohius

known to parasitize Liriomyza.

Distribution. — Midwestern USA, and

throughout southern Canada; also Europe,

Iraq, Pakistan, India, Korea.

Hosts. — Agromyzidae: Liriomyza sp.,

Phytohia angulata (Loew), Phytagromyza

populicola (Walker).

Family Eulophidae

Subfamily Eulophinae

(Tribe Eulophini)

Genus Diglyphus Walker

(Figs. 13-16, 31, 33-37,43)

Diagnosis.— Scutellum with 4 setae (2

pairs); submarginal vein with more than 2

dorsal setae; notauli incomplete; funicle

2-scgmented.

Discussion.— Species in this genus have

often been treated in the literature under the

generic names Diaulinus and Solenotus. The

Nearctic and Neotropical species of Di-
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Plate 7. (Figs. 38^3). 38. Zagrammosoma minim. 9, head. 39. Cirrospilus flavoviridis, 9, head. 40. Za-

grammosoma mirum, 9, mesosoma. 41. Cirrospilus flavoviridis, 9, mesosoma. 42. Diaulinopsis callichroma. 9,

mesosoma. 43. Diglyphus intermedins. 9, mesosoma. Scale bars = 0.1 mm. ax = axilla; ms = mesoscutum, nt

= notaulus; sc = scutellum.

glyphus were revised by Gordh and Hen-

drickson (1979) who presented a key to spe-

cies, and host and distribution information.

Diglyphus species are solitary ectopara-

sites of leafmining Diptera (Agromyzidae)

and Lepidoptera (Lithocolletidae and Ly-

onetiidae). Further information on hosts and

distribution can be found in Gordh and

Hendrickson ( 1 979), Peck ( 1 963) and Burks

(1979b). This genus is important in regu-

lating populations of Liriomyza in the field

(through natural migration) and greenhouse

(through innoculative or inundative releas-

es).
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Diglyphus begini (Ashmead)

(Figs. 14, 35)

This species has also been treated in the

literature under the names Diaulimis begini

and Solenotus begini. It can be distinguished

from the other Diglyphus species because

the basal area of the forewing is not uni-

formly and densely setose; the basal ring of

dark metallic color on the middle and hind

tibiae is less than 0.25 the length ofthe tibia;

and the scape is uniformly dark metallic in

color.

Diglyphus carlylei is morphologically very

similar to begini, the only difference being

that carlylei has some dusky coloration on

the middle and hind tibiae distal to the basal

ring (Fig. 36), and begini, does not have any

dusky coloration distal to the basal ring (Fig.

35). Gordh and Hendrickson (1979) have

pointed out that carlylei may represent

nothing more than a color variant of begini,

and we agree with them that it will require

biological studies to determine whether these

are one species or two. A thorough biolog-

ical study of D. begini has recently been

completed (Heinz and Parrella 1990).

Distribution.— Throughout the Nearctic

region, although it is numerically more im-

portant in the western United States and

Canada.

Hosts.— Several species of Agromyzidae.

Diglyphus carlylei (Girault)

(Fig. 36)

D. carlylei has not been reared as a par-

asite of Liriomyza, however since it is ex-

tremely close morphologically to begini it is

included here, and discussed further under

begini.

Distribution.— California.

Hosts.— Unknown.

Diglyphus intermedius (Girault)

(Figs. 13, 31, 33,43)

This species has also been treated in the

literature under the name Solenotus inter-

medius. Diglyphus intermedius and isaea can

be distinguished from the other species of

Diglyphus because the basal area ofthe fore-

wing is uniformly and densely setose (with-

out any bare areas); the stigmal and post-

marginal veins are approximately equal in

length; and the antennal scape is entirely

dark metallic in color. These two species

are distinguished from each other because

in intermedius the basal ring of dark me-
tallic color on the hind tibia only extends

0.25-0.35 the length of the tibia, and in is-

aea the basal ring covers the entire tibia

except the extreme apex. Diglyphus inter-

medius can occasionally have additional

dusky coloration on the hind tibia, however

this will not be as dark as the basal ring,

and it will usually be separated from the

basal ring by a light colored area.

Distribution.—Throughout the United

States.

Hosts.— Several species of Agromyzidae.

Diglyphus isaea (Walker)

(Fig. 34)

Distinguishing characteristics of Z). isaea

are discussed under intermedius. This Eu-

ropean species is included because it has

been released in large numbers against

Agromyza frontella (Rondani) on the East

Coast of the United States with the possi-

bility of some interbreeding with D. inter-

medius (Hendrickson and Barth 1979,

Gordh and Hendrickson 1979). It attacks

several species of Liriomyza (including L.

trifolii) in Europe. Recent studies (Malais et

al., unpublished data) have found this par-

asite attacking L. huidobrensis in California.

Distribution.— Throughout the Palearc-

tic region; Eastern United States, California.

Hosts.— Many species of Agromyzidae;

also Lepidoptera (Lyontiidae). For com-
plete host list see Boucek and Askew ( 1 968).

Diglyphus pulchripes (Crawford)

(Fig. 16)

This species has also been treated in the

literature under the name Solenotus pulchri-

pes. It can be distinguished from the other

species of Diglyphus because of the basal
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cell of the forewing is not uniformly and

densely setose; the basal ring of the dark

metallic color on the hind tibia is at least

0.5 the length of the tibia; the scape is white

basally; and the postmarginal vein is at most

slightly longer than the stigmal vein, some-

times shorter.

Distribution.— Eastern United States and

Canada.

Hosts.— Several species of Agromyzidae.

Diglvphus websteri (Crawford)

(Figs. 15, 37)

This species has also been treated in the

literature under the names Diaulinus web-

steri and Solenotus websteri. It can be dis-

tinguished from the other species of Diglv-

phus because the basal cell of the forewing

is not uniformly and densely setose; the bas-

al ring of dark metallic color on the hind

tibia is at least 0.5 the length of the tibia;

the scape is white basally; and the post-

marginal vein is distinctly longer than the

stigmal vein.

Distribution.— Throughout the United

States.

Hosts.— Several species of Agromyzidae.

Genus Pnigalio Schrank

(Fig. 32)

Diagnosis.— Scutellum with 4 setae (2

pairs); submarginal vein with several (more

than 2) dorsal setae; postmarginal vein long;

notauli incomplete; antenna with 4 funic-

ular segments, the fourth distinctly longer

than wide; propodeum with plicae, median
carina and costula well-developed.

Discussion.— Nearctic species o^Pnigalio

were revised by Miller (1970), who provid-

ed a key to species, and host and distribu-

tion information. Species of Pnigalio are

parasitic on leafmining insects, mostly Lep-

idoptera, but also Coleoptera, Hymenop-
tera and Diptera. Most species are extreme-

ly polyphagous. Only a single Nearctic

species, P. flavipes, is known to attack Lir-

iomyza.

Pnigalio flavipes (Ashmead)
(Fig. 32)

This is the only Nearctic species of Pni-

galio that is known to parasitize Liriomyza.

Distribution. — General distribution

across southern Canada and northern Unit-

ed States, although specimens are known
from as far south as Texas. Complete dis-

tribution is given by Miller (1970).

Hosts.— Miller (1970) gives a long list of

hosts for this species, which are mainly in-

sects which form blotch or tentiform mines
on deciduous plants. Hosts are known from
Lepidoptera, Hymenoptera, Coleoptera and
Diptera.

Family Eulophidae

Subfamily Eulophinae
(Tribe Elachertini)

Genus Zagrammosoma Ashmead
(Figs. 9-10, 38, 40, 44-46)

Diagnosis.— Scutellum with 4 setae (2

pairs); submarginal vein with more than 2

dorsal setae; notauli complete, curving to

meet axilla at a distance well separated from

posterior margin of mesoscutum; funicle

2-segmented; head with vertex vaulted be-

tween compound eyes.

Discussion.—The Nearctic species o{ Za-

grammosoma were revised by Gordh ( 1 978),

who provided a key to species, and host and

distribution information. Species in this ge-

nus are parasitic on leafmining Lepidoptera

and Diptera. The genus Mirzagrammosoma
has recently been synonymized with Za-

grammosoma (LaSalle 1989), and the only

included species M. lineaticeps has been

transferred to Zagrammosoma and is treat-

ed as such in this paper. Additional infor-

mation on hosts, distribution, and synon-

ymies can be found in Gordh (1978), Peck

(1963) and Burks (1979b).

Zagrammosoma americanum Girault

(Fig. 45)

Zagrammosoma americanum is distin-

guished from the other Zagrammosoma



588 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

44

'^w-

Plate 8. (Figs. 44-^6). Zagrammosoma. 9, bodies (from Gordh 1978). 44. Z. mirum. 45. Z. americanum.

46. Z. multilineatum. Scale bars = 0.4 mm.

species because the metasoma is predomi-

nantly yellow, although with extensive black

markings; and the anterior margin of the

mesoscutum has a dark, transverse stripe

that is enlarged laterally to form a spot (al-

though this may be partially concealed by

the pronotum).

Distribution. — Southwestern United

States.

Hosts.—Agromyzidae (Lihomyza)

Gelechiidae (Coleotechnites).

and

Zagrammosoma lineaticeps (Girault)

(Fig. 9)

This species has also been treated under

the name Mirzagrammosoma lineaticeps. It

is distinguished from the other Zagram-

mosoma species because the metasoma is
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entirely black or very dark; the dorsum of

the mesosoma is predominantly black, with

a few small lines, but without a wide, lon-

gitudinal, medial yellow stripe; and the wing

(in addition to other markings) has a dark

stripe along the apical margin in the pos-

terior half.

Distribution.— Florida, Texas, Califor-

nia; also Mexico, Central America and Ca-

ribbean.

Hosts.—Agromyzidae (Liriomyza) and

Lepidoptera (Lyontiidae, Gelechiidae).

Zagrammasoma mirum Girault

(Figs. 10, 38, 40, 44)

Zagrammosoma mirum is distinguished

from the other Zagrammasoma species be-

cause the metasoma is entirely black or very

dark; the dorsum of the mesosoma is pre-

dominantly black with a wide, longitudinal,

medial yellow stripe; and the wing (in ad-

dition to other markings) has no dark mark-

ings along the apical margin.

Distribution.— California.

Hosts.—Agromyzidae {Liriomyza) and

Gracillariidae {Lithocolletis).

Zagrammosoma multilineatum

(Ashmead)

(Fig. 46)

Zagrammosoma multilineatum is distin-

guished from the other Zagrammosoma
species because the metasoma is predomi-

nantly yellow, although with extensive black

markings; and the anterior margin of the

mesoscutum has no dark, transverse stripe

or lateral spot.

Distribution.— Throughout eastern Unit-

ed States.

Hosts.— Lepidoptera (Gracillariidae and

Tischeridae) and Diptera (Agromyzidae).

Genus Cirrospilus Westwood
(Figs. 18, 39, 41)

Diagnosis.— Scutellum with 4 setae (2

pairs); submarginal vein with several (more

than 2) dorsal setae; notauli complete,

straight, extending to posterior margin of

mesoscutum; antenna with 2 funicular seg-

ments; postmarginal vein about as long as

stigmal vein.

Discussion.—There has not been a recent

generic revision of Nearctic members of the

genus Cirrospilus. Members are usually sol-

itary ectoparasites of leafmining Lepidop-

tera, Hymenoptera and Diptera. There is a

single species, C. flavoviridis, known to at-

tack Liriomyza. Further information on

host, distribution and synonymies can be

found in Peck (1963) and Burks (1979b).

Cirrospilus flavoviridis Crawford

(Figs. 18, 39, 41)

This is the only Nearctic species of Cir-

rospilus that is known to parasitize Lirio-

myza.

Distribution.— Western United States.

Hosts.— Several species of Agromyzidae.

Genus Diaulinopsis Crawford

(Figs. 17,42)

Diagnosis.— Scutellum with 4 setae (2

pairs); submarginal vein with more than 2

dorsal setae; notauli complete, extending to

posterior margin of mesoscutum; funicle

2-segmented; postmarginal vein distinctly

longer than (about 2 x ) than stigmal vein.

Discussion. -There are only two Nearctic

species in the genus Diaulinopsis, and a key

to these was provided by Gordh and Hen-

drickson (1979). The host of D. albiscapus

(Girault) is unknown. More complete in-

formation on hosts, distribution and syn-

onymies is given in Gordh and Hendrickson

(1979), Peck (1963) and Burks (1979b).

Diaulinopsis callichroma Crawford

(Figs. 17, 42)

This is the only Nearctic species o{ Diau-

linopsis that is known to parasitize Lirio-

myza.

Distribution.— Throughout the southern

portion of the United States; also Mexico,

West Indies, northern South America.

Hosts.— Several species of Agromyzidae.
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Family Pteromalidae

Genus Halticoptera Spinola

Diagnosis.— This is the only pteromahd

parasite of Liriomyza known from North

America. It is easily distinguishable from

the other parasites (Eulophidae) because it

has 5-segmented tarsi (instead of 4) and the

antenna has 6 funicular segments (instead

of 3 or 4).

Discussion.— There has not been a recent

revision of Nearctic Halticoptera. The Eu-

ropean species were treated by Graham
(1969), who provided a key to species, and

host and distributional information. Infor-

mation on hosts and distribution, and syn-

onymies are given by Peck (1963; H. cir-

culus treated as H. patellana) and Burks

(1979a).

Halticoptera circulus (Walker)

This is the only Nearctic species of Hal-

ticoptera known to parasitize Liriomyza.

Due to misidentifications, this species has

previously been treated under the names H.

aenea and H. patellana.

Distribution.—Wide distribution through-

out United States and southern Canada; also

Mexico and Europe.

Hosts. — Species in several genera of

Agromyzidae

Acknowledgments

The authors would like to thank the fol-

lowing for their assistance: G. Gordh and

K. Heinz for critical reading of the manu-
script; M. E. Schauff for the loan ofmaterial;

G. Gordh for allowing the use of illustra-

tions o{Zagrammosoma. This research was
supported, in part, by the American Floral

Endowment.

Literature Cited

Boucek, Z. 1965. Studies of European Eulophidae,

IV: Pediohius Walk, and two allied genera (Hy-

menoptera). Acta Entomologia Musei Nationalis

Pragae 36: 5-90.

. 1988. Australisian Chalicidoidae (Hymenop-

tera). A Biosystematic Revision of Genera of

Fourteen Families, with a Reclassification of Spe-

cies. C. A. B. International, England. 832 pp.

Boucek, Z. and R. R. Askew. 1968. Palearctic Eu-

lophidae (excl. Tetrastichinae). (Hym. Chalcidoi-

dea). Index of Entomophagous Insects. Le Fran-

cois, Paris. 260 pp.

Burks, B. D. 1966. The North American species of

Pediobius Walker (Hymenoptera: Eulophidae).

Proceedings of the Entomological Society of

Washington 68(1): 33^3.
. 1979a. Family Pteromalidae, pp. 768-835.

In Krombein, K. V. et al.. Catalog ofHymenoptera

in America North of Mexico. I. Symphyta and

Apocrita (Parasitica). Smithsonian Institution

Press, Washington, D.C. 1 198 pp.

1 979b. Family Eulophidae, pp. 967-1 022. In

Krombein, K. V. et al.. Catalog of Hymenoptera

in American North of Mexico. I. Symphyta and

Apocrita (Parasitica). Smithsonian Institution

Press, Washington, D.C. 1 198 pp.

Christie, G. D. and M. P. Parrella. 1987. Biological

studies with Chrysocharis parksi [Hym.: Eulophi-

dae] a parasite of Liriomyza spp. [Dipt.: Agro-

myzidae]. Entomophaga 32(2): 1 15-126.

Crawford, J. C. 1912. Descriptions of new Hyme-
noptera, No. 5. Proceedings of the U.S. National

Museum 43: 163-188.

Gordh, G. 1978. Taxonomic notes on Zagrammo-
soma, a key to the nearctic species and descriptions

ofnew species from California (Hymenoptera: Eu-

lophidae). Proceedings of the Entomological So-

ciety of Washington 80(3): 344-359.

Gordh, G. and R. Hendrickson, Jr. 1979. New species

ofDiglyphus, a world list of the species, taxonomic

notes and a key to new world species of Diglyphus

and Diaidinopsis (Hymenoptera: Eulophidae).

Proceedings of the Entomological Society of

Washington 81: 666-684.

Graham, M. W. R. deV. 1959. Keys to the British

genera and species of Elachertinae, Eulophinae,

Entedontinae and Euderinae (Hym., Chalcidoi-

dea). Transactions of the Society for British En-

tomology 13(10): 167-204.

. 1969. The Pteromalidae of North-Westem

Europe (Hymenoptera: Chalcidoidea). Bulletin of

the British Museum (Natural History), Entomol-

ogy Supplement 16: 1-908.

Hansson, C. 1985. Taxonomy and biology of the Pa-

learctic species of Chrysocharis Forster, 1856 (Hy-

menoptera: Eulophidae). Entomologica Scandi-

navica. Supplement 26: 1-130.

. 1987. Revision of the New World species of

Chrysocharis Forster (Hymenoptera: Eulophidae).

Entomolgica Scandinavica, Supplement 31: 1-87.

. 1990. A taxonomic study of the palearctic

species of Chrysonotomyia Ashmead and Neo-



VOLUME 93, NUMBER 3 591

chrysocharis Kurdjumov (Hymenoptera: Euloph-

idae). Entomologica Scandinavica 21: 29-52.

Heinz, K. M. and M. P. Parrella. 1990. Holarctic

distribution of the leafminer parasitoid Diglyphus

begini (Hymenoptera: Eulophidae) and notes on

its life history attacking Lihomyza thfolii (Diptera:

Agromyzidae) in chrysanthemum. Annals of the

Entomological Society of America 83:916-924.

Hendrickson, R. M., Jr. and S. E. Barth. 1979. In-

troduced parasites of Agromyza frontella (Ron-

dani) in the USA. Journal of the New York En-

tomological Society 87(2): 167-174.

Johnson, M. W. and A. H. Hara. 1987. Influence of

host crop on parasitoids (Hymenoptera) of Lir-

iomyza spp. (Diptera: Agromyzidae). Environ-

mental Entomology 16: 339-344.

LaSalle, J. 1989. Notes on the genus Za^rawwo50-

ma, with the description of a new species. Pro-

ceedings of the Entomological Society of Wash-

ington 91(2): 193-199.

Lema, K. M. and S. L. Poe. 1978. Juvenile hormone
analogs: Effects of ZR-777 on Lihomyza sativae

and its parasites. Florida Entomologist 61: 67-68.

Miller, C. D. 1970. The Nearctic species of P«/^a//o

and 5v'wp/f'5/5 (Hymenoptera: Eulophidae). Mem-
oirs of the Entomological Society of Canada 68:

1-121.

Minkenberg, O. P. J. M. and J. C. van Lenteren. 1 986.

The Leafminers Lihomyza bryoniae and L. thfolii

(Diptera: Agromyzidae), their parasites and host

plants: A review. Agricultural University of Wag-
eningen Papers 86-2: 1-50.

Oatman, E. R. and G. G. Kennedy. 1976. Methomyl
induced outbreak ofLihomyza sativae on tomato.

Journal of Economic Entomology 69: 667-668.

Oatman, E. R. and G. R. Platner. 1 969. An ecological

study of insect populations on cabbage in southern

California. Hilgardia 40: 1-40.

Parrella, M. P. 1982. A review of the history and

taxonomy of economically important serpentine

leafminers in California. Pan-Pacific Entomologist

58: 302-308.

Parrella, M. P. and K. L. Robb. 1985. Economically

important members of the genus Lihomyza Mik:

A selected bibliography. Entomological Society of

America, Miscellaneous Publications 59: 1-26.

Peck, O. 1963. A catalogue of the Nearctic Chalci-

doidea (Insecta: Hymenoptera). Canadian Ento-

mologist, Supplement 30: 1-1092.

. 1985. The taxonomy of the Nearctic species

of Pediobius (Hymenoptera: Eulophidae), es-

pecially Canadian and Alaskan forms. Canadian

Entomologist 1 17: 647-704.

Peck, O., Z. Boucek, and A. Hoffer. 1964. Keys to

the Chalcidoidea of Czechoslovakia (Insecta: Hy-

menoptera). Memoirs of the Entomological So-

ciety of Canada 34: 1-120.

Spencer, K. A. 1973. Agromyzidae (Diptera) of eco-

nomic importance. Series Entomologica, 9. The
Hague: W. Junk. 418 pp.

. 1981. A revisionary study of the leaf-mining

flies (Agromyzidae) of California. University of

California, Division of Agricultural Sciences Spe-

cial Publication Number 3273. 489 pp.

Spencer, K. A. and G. C. Steyskal. 1986. Manual of

the Agromyzidae (Diptera) of the United States.

U.S. Department of Agriculture, Agricultural

Handbook No. 638: 1-478.

Yoshimoto, C. M. 1978. Revision of the subgenus

Achrysocharella Girault ofAmerica north of Mex-

ico (Chalcidoidea, Eulophidae: Chrysonotomyia

Ashmead). Canadian Entomologist 10: 697-719.



PROC. ENTOMOL. SOC. WASH.
93(3), 1991, pp. 592-612

THE EGGS OF AEDES FUNEREUS, AEDES NOTOSCRIPTUS AND
AEDES ALTERNANS (DIPTERA: CULICIDAE)
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Abstract. — Sc3.rm\ng electron micrographs are used to provide descriptions of the eggs

oiAedes {Verrallina) funereus, Ae. (Finlaya) notoscriptus andAe. {Mucidus) alternans. In

the egg o{ Ae. funereus the outer chorionic cells of the ventral (upper) and dorsal (lower)

surfaces differ markedly in structure, but the egg's most distinct features are its pronounced

narrowness relative to length, and the unusually large micropylar disk. Ventral and dorsal

surfaces also differ very substantially in Ae. notoscriptus, the dorsal surface being partic-

ularly interesting as its structure probably represents an early stage in the development

of long, dorsal surface filaments as seen in other species of the subgenus Finlaya. The Ae.

alternans egg is wide in relation to length and its entire surface is much more uniform.

Some data are presented on the variation found between 5 individual eggs from each

species.

Key Words: Insecta, eggs, mosquito, fine structure

The three Aedes species whose eggs are

described in this paper are all from the Aus-

tralasian Region. As such, their taxonomy,

distribution, biology and importance as pests

and/or disease vectors have all been com-
prehensively treated elsewhere {Ae. {Ver-

rallina)funereus (Theobald), Lee et al. 1987,

p. 276; Ae. {Finlaya) notoscriptus (Skuse),

Lee et al. 1982, p. 196; Ae. {Mucidus) al-

ternans (Westwood), Lee et al. 1984, p. 73).

No previous description of the egg o{ Ae.

funereus has been given. Graham (1929)

provided the first observations on the egg

oiAe. notoscriptus at the stereomicroscopic

level, and Pillai (1962) investigated the

structure ofthe egg shell and the egg's ability

to resist desiccation. The egg of this impor-

tant species has never been completely de-

scribed, however, and not at all at the elec-

tron microscopic level. A very early account

of the egg of Ae. alternans, but with illus-

trations limited to outline drawings, was

given by Colledge (1904) and was used by

Mattingly (1970) in his comparison of eggs

of several species of the subgenus Mucidus.

The egg shell and its resistance to drying

were studied by Pillai (1962), but details of

the fine structure have never been present-

ed.

In this paper we describe the eggs ofthese

three species with the aid of scanning elec-

tron micrographs. Since numerous eggs were

available, opportunity also was taken to look

at intraspecific structural variation in the

outer chorionic cells by examining 5 indi-

vidual eggs of each species and recording

selected measurements. The 5 eggs in each

case were not certainly from different fe-

males, but to optimize the probability that

they were, eggs were taken from different

egg papers where possible, or from widely

separated positions on the same paper.
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Materials and Methods

Eggs were obtained from females collect-

ed in the field and induced to oviposit on

wet filter paper in the laboratory. Each pa-

per bearing eggs was folded to line the inside

(eggs on inner surface) of a small plastic

petri dish and the paper moistened before

mailing to Vero Beach. On arrival, eggs were

mounted for microscopy either by cutting

out small pieces ofpaper with attached eggs

and sticking these to double-sided sticky tape

already attached to stubs, or by lifting in-

dividual eggs on a very fine artist's brush

and laying them on sticky tape in the re-

quired position. Eggs were dried completely

over calcium chloride for 0.5 h, then sputter

coated with gold. Microscopy was done in

a Hitachi S-510 scanning electron micro-

scope.

In the study of intraspecific structural

variation, the area selected for examination

was the chorion on the ventral surface, in

the middle of the egg. Particular care was

taken to obtain micrographs of an exactly

equivalent area in each ofthe 5 eggs selected

for each species. Micrographs at 1000 x and

1 500 X were taken, the one at lower mag-

nification to include more chorionic cells for

counting numbers of tubercles and measur-

ing cell dimensions, the other at higher mag-

nification for measuring tubercles. Of the

two cell dimensions, length was the distance

between the two most widely separated cell

comers aligned approximately longitudi-

nally (anterior/posterior) with respect to the

egg (see Fig. 15). Width was taken at the

widest point circumferentially with respect

to the egg (whether or not exactly coincident

with two cell comers). Tubercle diameters

were measured at the base at the widest

point, except for the large tubercles in Ae.

notoscriptus, where the upper portion ofeach

tubercle was measured as it was often dis-

tinctly narrower than the base (see Fig. 9c,

e, 15) and easily distinguishable. Tests for

differences between eggs with respect to

means of all measurements were done by

the GT2 method (Sokal and Rohlf 1981),

in some cases after transformation to nor-

malize the distributions (see later). The dis-

tributions of large tubercle numbers in Ae.

funereus and Ae. alternans (Fig. 3) were not

assumed to be normal and the Kruskal-

Wallis method was used to test for differ-

ences between eggs. Means given in the text

are with attached standard errors and were

calculated from an equal number of mea-

surements from each of the 5 eggs of each

species.

In the terminology we have followed Har-

bach and Knight (1980), except for "outer

chorionic cell field" (Linley 1 989), and "mi-

cropylar dome," defined as a dome-shaped

area with distinct margin surrounding the

micropyle and within the micropylar disk.

Results

Aedes {Verrallind) funereus

(Figs. 1,2,6,7, 15)

Size: dimensions as in Table 1 . Color: dull

black. Overall appearance: cigar-shaped and

long in relation to width (Fig. 1, Table 1).

Dorsal (lower) side flatter, ventral (upper)

side more curved (Fig. 2a). Tapered anterior

end somewhat conical, widest at about an-

terior 0.25, then slightly tapered posteriorly

until posterior 0.25, then markedly so (Fig.

1). Posterior end rather sharply pointed in

some eggs, less so in others. Micropylar col-

lar indistinct. Outer chorionic cells regular

in appearance, most with single, large cen-

tral tubercle and several small peripheral

ones (Fig. 1

)

Chorion, ventral (upper) surface: outer

chorionic cells mostly hexagonal, occasion-

ally pentagonal, rarely quadrilateral, out-

lines variable (Figs. 2d, 15). Cell length

(mean 25.3 ± 0.4 )um, n = 50) greater than

width (mean 15.0 ± 0.3 )um, n = 50), cell

fields about 2.7 ^lm less in each dimension.

Most cells with single large tubercle, some

with 2 or rarely 3 (Figs. 3, 1 5), mean tubercle

diameter 5.97 ± 0.14 Aim (n = 50), range

2.9-7.6 nm. Stmcturally, each tubercle made
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Up of a base with shallow peripheral exca-

vations, walls smooth and vertical or nearly

so (Fig. 2d, e, 0^ capped by dome-shaped
upper portion covered with close-packed

more or less round nodules (Fig. 2e, f). Sur-

rounding cells field smooth, with slight stri-

ations appearing only at high magnification

(Fig. 2e, f)- Small tubercles confined to pe-

riphery of cell field, adjacent to outer cho-

rionic reticulum (Figs. 2d, 15), mean num-
ber per cell 18.1 ± 0.4 (n = 50), range 10-

24, diameter 0.6-3.3 nm, size distribution

skewed (Fig. 4). Regression ofsmall tubercle

diameter on number highly significant {P <

0.005), diameter smaller as number increas-

es (Fig. 5). Small tubercle shape highly ir-

regular, each tapering upward from smooth

base to a narrower top; tops tending to be

smooth, but progressively larger ones with

increasingly numerous small nodules (Fig.

2d, e, 0- Groups of small tubercles often

joined by bridges and some similarly joined

to large tubercles (Fig. 2d, e). Outer chori-

onic reticulum low, width 2.5-3.6 ij.m, con-

sisting of a fine reticulated mesh (Fig. 2e, f),

with central line of bead-like prominences,

diameter 0.3 ixm, 0.7-2.6 jum apart. Retic-

ulum mesh often partially covering lower

sides of closely adjacent small tubercles (Fig.

2e, 0.

Chorion, lateral surface (ventral-dorsal

transition): down lateral surfaces ofegg cho-

rionic cells become more irregular in form

and, unlike ventral surface, progressively

longer circumferentially than longitudinally

(Fig. 6a, b). Large tubercles progressively

become more numerous with nodular sur-

faces less distinct. Tubercles at first remain

more centrally positioned in cell, then dis-

place small tubercles around edges of cell

field (Fig. 6a, c, d). In lower (more dorsal)

portion of transition (Fig. 6b), small tuber-

cles almost disappear, large tubercles be-

Fig. 1 . Ae. funcreus. Entire egg, ventral (upper) view,

anterior end at top. Scale = 100 ^m.
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Table 1. Dimensions of eggs of three species of Aedes (n = 10).
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Fig. 2. Ae. funereus. (a) Whole egg, lateral view, anterior end at right; (b) anterior end and micropylar

apparatus; (c) detail, micropylar apparatus; (d) typical outer chorionic cells, ventral surface, middle of egg; (e)

detail, single chorionic cell; (f) detail, large and small tubercles and outer chorionic reticulum. Scale = 200 fim

(a), = 10 Mm (b, c, d, e), = 5 ^m (0-

Fig. 3. Ae. funereus, Ae. alternans. Distributions of numbers of large tubercles.
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1.7 ± 0.1 nm, n = 20), surfaces smooth or

slightly uneven (Fig. 10b). Spaces between

tubercles occupied by small, button-like tu-

bercles, and these also covering reticulum

(width 1.6-3.3 nm), but less prominent on

low central ridge (Fig. 1 Ob). Dorsal type cells

typically as just described, but occasionally

with fewer, scattered tubercles, vacant spac-

es filled by very small tubercles (Fig. 10c).

Anterior end, micropyle: chorionic cells

smaller approaching anterior end, cell fields

become occluded, large tubercles less con-

spicuous, surfaces smoother, spokes in more
lateral cells fewer (Fig. 1 la, b). Dorsal (low-

er) surface transition from micropylar collar

to typical dorsal cell structure rapid, and as

illustrated (Fig. 1 Ic). Micropylar collar fair-

ly prominent, almost always continuous,

outer walls often rounded (Fig. 1 la, c), height

7-11 ixm, diameter 36-41 ixm, wall width

5-1 1 /um, surface rough and pitted (Fig. 1 Id,

e), internal diameter 21-24 ^m, internal wall

with shallow excavations (Fig. 1 le). Micro-

pylar disk small, boundary very clearly de-

marcated (Fig 1 le), surface rough, diameter

7-9 Aim, micropylar orifice trilobed, diam-

eter 2.7 nm.
Posterior end: chorionic cells become

smaller approaching posterior end, small

tubercles and spokes connected to large tu-

bercles fewer, cell fields increasingly oc-

cluded, totally so at extreme end (Fig. lOd,

e), large tubercles at end smooth surfaced,

irregularly shaped (Fig. lOd, e). On dorsal

Oower) surface, typical dorsal type cells

present almost to extreme end of egg (Fig.

lOf).

Aedes (Mucidus) alternans

(Figs. 12-14, 15)

Size: dimensions as in Table 1 . Color: dull

black. Overall appearance: rhomboidal in

ventral (Fig. 12) or dorsal view, widest just

anterior to 0.5 of length, width, relatively

great with respect to length. Shape in lateral

view similar, but curvature of ventral sur-

face greater than dorsal (Fig. 1 3a). Micro-

pylar collar distinct (Fig. 12), outer chori-

1.80

1.66-

0) 1.52-

o
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21
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23 25

Number of small tubercles

Fig. 5. Ae. funereus. Regression of mean diameter

of small tubercles on number of small tubercles in cell.

onic cells appearing uniform over whole egg

surface.

Chorion, ventral, lateral and dorsal sur-

faces: all surfaces very similar. Structure

typified by and described for cells on ventral

(more curved) surface, with comments on

lateral and dorsal surface differences, as fol-

lows. Shape of cells quite irregular, mostly

pentagonal, occasionally hexagonal or

quadrilateral (Fig. 13b), length (mean 22.2

±0.5 Aim, n = 50) greater than width (mean

16.3 ± 0.4 Mm, n = 50). Shape of lateral

(Fig. 1 3c) and dorsal (Fig. 1 3d) surface cells

similar, but dimensions somewhat smaller,

especially on dorsal surface. Cell fields about

2.0 ixvci smaller in each dimension. Two large

tubercles most frequently present, but num-
bers variable between eggs (Fig. 3). Tuber-

cles in larger ventral cells in some instances

more centrally placed, but in others more
towards edges of cell field (Fig. 1 3b, f); tu-

bercles always tending to be centrally placed

in smaller lateral (Fig. 1 3c, g) and especially

dorsal (Fig. 1 3d, h) cells. Mean diameter of

large tubercles 5.64 ±0.12 ^m (n = 50),

range 3.2-7.6 nva. Each tubercle construct-

ed ofan irregularly polygonal base, each side

shallowly indented (Fig. 1 3g, i), with smooth



Fig. 6. Ae. funereus. (a) Upper (more ventral) portion of ventral-dorsal transition, middle of egg; (b) lower

(dorsal) portion of ventral-dorsal transition; (c) outer chorionic cell detail, ventral-lateral portion of transition;

(d) cell detail, lateral portion of transition; (e) cell detail, lateral-dorsal portion of transition; (f) cell detail, dorsal

(lower) surface. Scale = 20 Mm (a, b), = 5 Mm (c. d, e, 0-
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Fig. 7. Ae. funereus. (a) Anterior end, ventral surface; (b) anterior end, outer chorionic cell detail; (c) anterior

end, dorsal surface; (d) posterior end, ventral view; (e) posterior end, outer chorionic cell detail; (f) posterior

end, dorsal surface. Scale = 20 ^m.
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and vertical walls, supporting a usually more
rounded but occasionally polygonal cap. Cap
surface with flat nodules separated by fis-

sures or pits (Fig. 13f, i). Cell fields appear-

ing smooth at low magnification (Fig. 1 3f,

g, h), but densely packed tiny tubercles vis-

ible at greater enlargement (Fig. 1 3e). Small

tubercles restricted to cell periphery (Fig.

13b, f, g), mean number per cell 9.8 ± 0.3

(n = 50), range 5-17, more numerous in

ventral surface cells, less so in lateral and

particularly dorsal cells (Fig. 1 3b, c, d). Size

distribution normal (Fig. 4), mean diameter

2. 1 8 ± 0.09 Mm (n = 50), range 0.7-4.3 ^m.
Bases of small tubercles usually much wider

than tops (Fig. 1 3f, g, h), walls smooth, top

surfaces very irregularly shaped, slightly

rough, similar to surfaces of large tubercles.

Small tubercles frequently joined to large

ones by narrow bridges (Fig. 13f, g). Outer

chorionic reticulum low, width 1 .7-4.5 ^m,
very variable. Structure also variable and

complex, consisting of an intricate basal

meshwork with central row of beadlike pro-

jections (Fig. 13g, h, i), 0.5-0.8 fxm in di-

ameter 0.9-3.0 ixm apart, which may or may
not be overlain by a second, raised and per-

forated meshwork (Fig. 13e, 0- Reticulum

usually overlying outsides of small tubercle

bases (Fig. 13g, h, i).

Anterior end, micropyle: chorionic cells

become progressively smaller towards an-

terior end. Often only a single large tubercle

present, or, if tubercles multiple, closely

spaced or contiguous (Fig. 14a, b). Tops of

large tubercles rounder, number ofsmall tu-

bercles fewer, almost all having bridges to

large tubercle(s) (Fig. 14a, b). Micropylar

collar conspicuous, rarely continuous, one

or two deeply notched gaps usually present

(Fig. 14c, d), outer wall rounded (Fig. 14a,

b). Collar height 11-14 ^m, diameter 46-

54 ixm, wall width 8-12 ixm, anterior surface

Fig. 8. Ae. notoscriptus. Entire egg, ventral (upper)

view, anterior end at lop. Scale = 100 ^lm.
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Table 2. Attributes of five individual eggs from three species of Aedes. Means arranged in ascending order

of magnitude, egg numbers shown at left in each column. Means followed by the same letter do not differ

significantly.
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Fig. 10. Ae. notoscriptus. (a) Outer chorionic cells, dorsal surface; (b) detail, chorionic cell, dorsal surface;

(c) variant cells, dorsal surface; (d) posterior end, ventral surface; (e) posterior end, outer chorionic cell detail;

(f) posterior end, dorsal surface. Scale = 20 nm (a, c, d, e, f)^ = 5 urn (b).

Fig. 9. Ae. notoscriptus. (a) Entire ventral-dorsal transition, middle of egg; (b) detail, lateral-dorsal portion

of transition; (c) outer chorionic cells, ventral surface, middle of egg; (d) detail, chorionic cell and reticulum,

mid-ventral surface; (e) detail, chorionic cell and reticulum variant, mid-ventral surface; (f) detail, chorionic

cell and reticulum ventral-lateral portion of transition. Scale = 20 jum (a, b, c), = 10 y.m (d, e, f).
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Fig. U . Ae. notoscriptus. (a) Anterior end, ventral surface; (b) anterior end, chorionic cell detail; (c) anterior

end, dorsal surface; (d) anterior end and micropylar apparatus; (e) detail, micropylar apparatus. Scale = 20 ^m.

(Table 2), particularly in Ae. notoscriptus, smaller in cells with more than one (Fig.

where the single large tubercle obviously 1 5), and mean diameters consequently were
varied considerably between eggs (Fig. 15). smaller in eggs (1, 2, 3, Table 2) so struc-

In Ae.funereus, large tubercles tended to be tured (Fig. 3).
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Numbers of small tubercles per cell dif-

fered significantly in both Ae. notoscriptus

and Ae. altemans (Table 2). Only one of the

Ae. notoscriptus eggs (5) was different from

the others, but it had many more small tu-

bercles per cell, as easily distinguishable (Fig.

15). The Ae. altemans egg that had most

small tubercles (egg 4) was also the one that

was the largest of the five (Fig. 1 5) both in

terms of cell length and width (not tabulat-

ed). This association might be due to chance,

but in all likelihood more small tubercles

are present in eggs with cells of larger area.

There was considerable variation in the

number of small tubercles in this species,

as egg 4 did not alone differ significantly

from the others (Table 2). In terms of small

tubercle size, one egg differed from the re-

mainder in Ae. funereus and Ae. notoscrip-

tus, while there were no significant differ-

ences in Ae. altemans.

The relative dimensions of cells, reflected

in the length/width ratios, remained fairly

consistent within species, with only one egg

significantly different from the remainder in

Ae. funereus and Ae. notoscriptus, and none

different in Ae. altemans. The larger ratio

of egg 5 in Ae. notoscriptus in fact barely

achieved significance from the other four

but egg 2 in Ae. funereus was considerably

longer in relation to width (Table 2). This

may have been an unusually long egg, as it

was our impression while making the mea-

surements that the cells of long eggs tend to

be proportionately longer in the anterior/

posterior axis.

Discussion

The description we present here for Ae.

funereus is apparently the first complete ac-

count of the egg of any species in the sub-

genus Verrallina. Matsuo et al. (1974) brief-

ly described the egg of Ae. (Ver.) butleri

Theobald (including two electron micro-

graphs), but showed only a low power view

of approximately the posterior half of the

egg and detail of a single chorionic cell on

the ventral (upper) surface. No descriptions

Fig. 12. Ae. alternans. Entire egg, ventral (upper)

view, anterior end at top. Scale = 200 ^m.

or illustrations were given of the anterior

end and micropylar apparatus, details ofthe

posterior end, chorionic structure in the

ventral-dorsal transition, or dorsal surface.

They gave a mean length and width of 667

jum and 172 mhi, indicating that this egg is

shorter and relatively wider (L/W ratio 3.88)

than the egg of Ae. funereus (ratio 4.50),

which is conspicuously elongated. Both the

description and illustration (Matsuo et al.

1 974) show that the detailed structure of the

outer chorionic cells and tubercles are dif-

ferent in the two species. Large tubercles

appear to be more numerous in Ae. butleri
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Fig. 1 4. Ae. alternans. (a) Anterior end, lateral surface; (b) anterior and, outer chorionic cell detail; (c) anterior

end and micropylar apparatus; (d) detail, micropylar apparatus; (e) posterior end, lateral surface; (0 posterior

end, outer chorionic cell detail. Scale = 20 ^m.

Fig. 13. Ae. alternans. (a) Whole egg, lateral view, anterior end at left; (b) outer chorionic cells, ventral

surface, middle of egg; (c) outer chorionic cells, lateral surface; (d) outer chorionic cells, dorsal surface; (e) detail,

variant of outer chorionic reticulum; (f) detail, chorionic cell on ventral surface; (g) detail, chorionic cell on

lateral surface; (h) detail, chorionic cell on dorsal surface; (i) detail, variant of outer chorionic reticulum and

detail of large and small tubercles, ventral surface. Scale = 200 txm (a), = 50 ^m (b, c, d), = 10 Mm (f g, h), =

5 nm (e, i).
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and probably smaller in relation to small

tubercles, which are less confined to the pe-

riphery of the cell field than in Ae.funereus.

In previously published descriptions of

Aedes eggs there has been an almost uniform

tendency, for those species that attach their

eggs to a substrate, to illustrate only the up-

per (ventral) surface and ignore the lateral

and particularly the dorsal (glued) surfaces.

The complex egg of Ae. notoscriptus well

illustrates how important information can

be lost by incomplete examination. In this

case the structure of the dorsal (lower) sur-

face is of especial interest. Previous studies

of eggs of species in subgenus Finlaya have

been made with the electron microscope

(Matsuo et al. 1972, Moriya et al. 1973),

but a recent study o{ Ae. togoi (J. R. Linley

and K. L. Chan, personal observations) is

the only one in which the dorsal surface was

examined. After an abrupt transition from

lateral surface structure, the dorsal surface

proved to be made up ofcells in which many
small tubercles had apparently become
elongated into adherent filaments extending

into adjacent cells and covering the entire

dorsal surface. This structure, moreover, is

not peculiar to Ae. togoi, but is probably

common, in various stages of elaboration,

within the subgenus Finlaya. We have re-

cently examined (unpublished) two other

species in this subgenus, Ae. rubrithorax

(Macquart) and Ae. alboannulatus (Mac-

quart). The dorsal surface filaments in these

are even more extremely developed, form-

ing dense mats over the lower surface of the

egg.

The structure in Ae. notoscriptus is inter-

esting in this context because it may rep-

resent an early stage in the elaboration of

filaments. Filaments as such are absent, but

the large tubercles of the ventral surface are

replaced by smaller ones and, interspersed

with these and covering the reticulum, many
even smaller tubercles that by outgrowth

could immediately form a hair-like mat.

Linely and Chadee (in press) have pointed

out that in Haemagogus equinus Theobald

and Hg. janthinomys Dyar, where highly

developed filaments also occur, their pres-

ence may enhance anchorage of the egg by

effectively increasing the surface area to

which cement can adhere at oviposition.

Like the two Haemagogus species, Ae. no-

toscriptus breeds primarily in small con-

tainer habitats, both natural and man-made
(Lee et al. 1 982), where firm adhesion would

protect the eggs from removal by predators

or the flushing action of heavy rain.

In contrast to the eggs oiAe.funereus and

Ae. notoscriptus, the more or less uniform

surface of the egg oi Ae. alternans indicates

that it is probably not affixed with glue to

the oviposition surface. Eggs may be laid

singly on water (Colledge 1 904) or, accord-

ing to observations by E. N. Marks (see Lee

et al. 1984), singly on mud at the edges of

drying pools. The pronounced bi-conical

shape, with strongly arched ventral surface,

conforms to other species in the subgenus

(Mattingly 1970), and the structure and ar-

rangement oftubercles in the chorionic cells

also appears generally similar. It is impos-

sible, however, to compare the level of de-

tail in electron micrographs with small line

drawing (Mattingly 1970), or with Pillai's

(1962) illustrations taken from impressions

on celloidin.
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Abstract. The egg, larva and pupa of the crane fly Brachypremna dispellens (Walker)

from Florida and of an incompletely reared species of Brachypremna from Peru are

described and illustrated, with brief comments concerning the habitats and behavior of

the larva. Comparisons are made with the immature instars of other Tipulinae, and the

phylogenetic position of this primarily neotropical genus is briefly discussed. This paper

represents the first detailed descriptions and illustrations of the semiaquatic larva and the

first complete treatment of the pupa for Brachypremna.

Key Words: Brachypremna, crane fly, larva, pupa

The immatures of tipuline crane flies are

poorly known despite their great ecological

(and sometimes economic) importance (Al-

exander 1920, Pritchard 1983). While the

larvae and pupae of over 40% of the de-

scribed genera and subgenera of Tipulinae

are in some part known, this knowledge is

derived from only four percent of the spe-

cies. Our ignorance is proportionally greater

when examining just the Neotropical fauna;

of the 29 genera and subgenera of Tipulinae

that occur there (Alexander and Alexander

1970), we know the immatures for only 6

ofthese groups (2 1 %), and this derived from

less than one percent of the species! This

paper, describing the immatures oftwo spe-

cies ofthe tipuline genus Brachypremna Os-

ten Sacken, is a small contribution toward

rectifying this lack of knowledge.

The genus Brachypremna has an essen-

tially Neotropical distribution; of the 38

species, 35 are strictly Neotropical, with one

widespread American species, B. dispellens

(Walker), extending from Brazil northward

to Illinois and New Jersey (United States)

(Alexander 1965), and two species occur-

ring in Australia (Oosterbroek and Jonas

1989). The immatures of only B. dispellens

were previously known: the pupa was in-

completely described and illustrated by Al-

exander ( 1 920) and the larva was diagnosed

in a key (Alexander and Byers 1981).

Recently, we were able to collect and rear

numerous larvae of Brachypremna dispel-

lens from Florida, and one of us (JKG) col-

lected and incompletely reared another spe-

cies of Brachypremna from Peru. We
provide here the first complete descriptions

and illustrations of the immatures for these

two species in the genus, as well as addi-

tional information regarding the biology and

behavior ofthe larvae. Terminology follows

that of Byers ( 1 96 1 ) and Gelhaus ( 1 986).

Brachypremna Osten Sacken

Generic diagnosis. The immature stages

o^ dispellens and the undetermined species

from Peru are very similar (detailed descrip-
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tions follow this generic treatment, with the

most distinctive features listed here):

Larva: Thoracic segments with short,

brown pile, contrasted with elongate and

abundant, mostly reddish-brown hairs on

posterior metathorax and abdomen (hairs

usually covered with debris) (Fig. 6); ab-

dominal hairs laterally forming longitudinal

fringe (Figs. 6, 10) and transverse band ven-

trally on segment VIII (Fig. 10); each ab-

dominal segment with about 6 annulations;

minute dark spiracles laterally on I-VII; spi-

racular disc small, with six short spiracular

lobes, dorsal pair of lobes scarcely evident

(Fig. 9); lateral and ventral pairs of lobes

short and extensively darkened, each with

large translucent spot; spiracles nearly

quadrate in outline; anal papillae absent,

but a pair of oval, raised membranous areas

close behind hairs on segment VII (Fig. 10).

Pupa: Sheaths of maxillary palps short

and only slightly curved overall, not re-

curved (Fig. 12); thoracic respiratory horn

relatively short; mesonotum with three pairs

of large tubercles (Fig. 1 1); abdominal spines

generally slender, those of genital segment

particularly well-developed dorsally (Figs.

14, 1 5), segment also with only two pairs of

ventral spines.

Discussion. —The larva ofBrachypremna

is unlikely to be confused with that of any

other tipuline genus. Although as noted by

Rogers (1949), the larva of Brachypremna

does bear a superficial resemblance to that

of Tipula (Schummelia) (Gelhaus 1986,

Figs. 93, 98, 99), it is easily distinguished

from all tipulines, including Tipula

(Schummelia), by the presence of a longi-

tudinal abdominal hair-fringe on each side,

the lack of anal papillae and the contrast in

length between the thoracic and abdominal

hairs. The pupa ofBrachypremna differs less

from other tipulines, but the apex of the

maxillary palpal sheath is only slightly

curved, not strongly recurved, which serves

to separate it from pupae ofmost New World

tipuline genera, except Leptotarsus (Lon-

gurio) and Megistocera. Alexander 1920:

977 lists Holorusia (in the generic key for

pupae of Tipulinae) as also having only a

slightly curved sheath, but the description

and illustration (Fig. 497) indicate a strong-

ly recurved one; in addition, all specimens

of Holorusia we have examined have a

strongly recurved sheath. In all other re-

spects, however, these two genera are unlike

Brachypremna in the pupal stage, including

possessing extended respiratory horns (equal

to or far exceeding the length of the wing

sheaths), and small inconspicuous abdom-
inal spines.

Unlike the pupal head illustrated in Al-

exander (1920: Fig. 474), specimens ofboth

species ofBrachypremna showed the apices

ofthe antennal and maxillary palpal sheaths

closely approximate (Fig. 1 3), and the sheath

of the labium narrowly divided medially.

The posterior spiracles of the pupa are not

recessed as seen in some other Tipulinae

(e.g. Dolichopeza) but, as noted by Byers

(1961), a spiracular yoke is nonetheless

present in Brachypremna.

Relationships. — The generic relation-

ships of the Tipulinae are poorly known,

and the few attempts at groupings have been

made without justification or lack discrim-

ination between ancestral and derived fea-

tures (e.g. Alexander 1965). Although

Brachypremna, Megistocera and Dolicho-

peza have sometimes been grouped in the

subtribe Dolichopezaria (e.g. Alexander

1920), this is based on only a general sim-

ilarity of the adults, and is not supported

by an examination of the immature stages

(Rogers 1 949). The adults of Megistocera

and Brachypremna do share some similar

features of wing venation, and the pupae

have slightly curved maxillary palpal

sheaths, but the latter character state, at least,

may be transitional between a short, straight

sheath (found in the Limoniinae and Cy-

lindrotominae) and the strongly recurved

sheath found in most of the Tipulinae. This

character interpretation also correlates with

the probable phylogenetic position of these

two genera, along with others, as being gen-
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erally "primitive" within the TipuHnae as

a whole (Alexander 1965, Gelhaus, unpub-

lished data), and Brachypremna itself may
represent an eariy, and isolated, lineage of

the Tipulinae. The phylogenetic position of

Brachypremna will remain questionable

until many more of the Southern Hemi-
sphere genera become known as immatures.

Brachypremna dispellens (Walker)

Alexander (1920): 984-985, pupal descrip-

tion. Figs. 474^77 (head, respiratory

horn, leg sheaths, male caudal sheaths);

Alexander and Byers 1981: 10, larval di-

agnosis.

Description. — £'^^.- Length: 0.7 mm;
width: 0.4 mm. Black, surface of chorion

smooth, with no terminal filament.

First instar larva: (Fig. 5). Length: 2.0 mm;
width: 0.2 mm. Head: pale, but similar to

fourth instar. Antenna a single segment,

granulose. Mandible with proportionally

larger basal tooth, mandible appearing

equally bifurcate. Hypopharynx with three

teeth, lateral teeth divergent, median tooth

highest and broad. Maxillary cardo with two

sockets (setae not evident). Thorax: Mostly

with fine, appressed, short hairs in closely-

set distinct transverse rows. Abdomen:
Sparse covering of scattered, erect short, pale

hairs; macrosetae longer, slender and pale.

Spiracular region: With eight apparent lobes,

a single pair each ofdorsal and ventral lobes,

and divided lateral lobes; ventral lobes

broadest and pigmented. Each lateral lobe

with a narrow upper part and broader lower

part. Apical margin ofeach dorsal lobe with

two groups of long hairs, each group ema-

nating from single base. Dorsolateral lobes

each with apical margin of long hairs, each

ventrolateral lobe with one long seta, and

one short sensory peg, remainder of margin

with hair. Apical margin ofeach ventral lobe

with four major groups of hairs, each group

emanating from single base, three smaller

groups and a single, short, forked hair. Spir-

acles each with about 10 pores. Two oval,

raised ventrolateral swellings large and con-

spicuous.

Fourth (final) instar larva: Length 15.0-

18.5 mm, width 2.3-2.8 mm. Head: Mas-
sive, well-sclerotized, oval-shaped and
slightly depressed (Figs. 1, 2). Each antenna

about 3 X as long as wide. Four sensory pores

laterally at boundary of frontoclypeus, with

several others clustered opposite base ofeach

antenna; no setae on frontoclypeus. Ante-

rior margin of head dorsally divided by pair

of sclerotized bands, enclosing lateral areas

of epipharynx, basal half of enclosed area

with pair of sensory pores, apical half with

fine yellow hair and scattered sensory blades.

Mandible with two distinct teeth apically,

an additional tooth ("molar ridge," Byers

1961) and hair tuft ("brustia," Byers 1961)

near base (Fig. 4). Maxilla as in Fig. 2, paired

setae on cardo extremely sort and incon-

spicuous. Hypopharynx (Fig. 3) with five

rounded teeth; hypostomal bridge (Fig. 2)

with seven, relatively acute teeth. Thorax:

Pro-, meso- and anterior one-fourth of

metathoracic segments completely covered

with microscopically short, fine, brown pu-

bescence, contrasted with long, patchy mac-

roscopic hairs found elsewhere on metatho-

rax and abdomen (Fig. 6). Macrosetae

extremely short, pale and difficult to see.

Abdomen: Macrosetae dark and uniformly

short (difficult to see among the hairs),

placement as in Figs. 7 and 8. Macroscopic

hairs elongate and abundant, dorsally ar-

ranged in six or seven irregular transverse

rows of patches, the longest hairs dark, ob-

scuring the macrosetae, all others reddish

brown (Fig. 7); hairs similarly arranged but

less abundant ventrally (Fig. 8). Short hairs

scattered throughout. Lateral hairs in nearly

continuous longitudinal fringe or row, best

seen viewed dorsally or ventrally (Figs. 6,

10); longest hairs completely encircle pos-

terior edge of segment VIIL Spiracles small,

dark, oval located above lateral setae on

each segment I-VII (in addition to large ter-

minal pair on spiracular disc). Spiracular

disc: Small and strongly invaginated me-
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dially. Six short lobes encircling disc, lateral

and ventral lobes each about as long as width

at base, dorsal lobes scarcely evident, with

length half basal width (Fig. 9). Posterior

surface of each dorsal lobe smooth and

lightly sclerotized, sclerites extending be-

tween spiracles; each lobe with a border of

short dark hair around apex and meeting

between lobes. Posterior surface ofeach lat-

eral lobe brown, surrounding a subcircular

translucent area; each lobe black on apical

half, with brush ofbrown stout hairs at apex.

Posterior surface of each ventral lobe shelf-

like with sclerite at base below spiracles,

apical half of lobe black with large, subcir-

cular, translucent spot subapically, two long

macrosetae arising within each spot. Each

ventral lobe with a border of dark hair

around edge. Spiracles flat and nearly quad-

rate. A patch oflong hair anteriorly between

dorsal and lateral lobes with shorter hair

continuing to near ventral lobes, short hair

in two isolated bands extending anteriorly

to dorsal lobes, and also below anus. Anal

papillae absent from around the anus. A
pair of oval, darkened, raised areas ventro-

laterally on segment VII (Fig. 10).

Pupa: Length 16.2-18.6 mm, width 2.8-

3.0 mm. Overall dark reddish brown,

darkest sublaterally along abdomen. Head:

Antennal sheath expanded along first four

segments with distinct tubercle at base.

Sheaths of maxillary palps short, slightly

curved overall (not recurved as in other Ti-

pulinae), apices lying close to those of an-

tennal sheaths (Figs. 12, 13). Sheaths of la-

bial palpi separated and indented medially,

apices slightly divergent. Thorax: Respira-

tory horn 1.0-1.4 mm in length, with slight

bend at midlength and minute annulations

along entire length (Fig. 1 1), apex darkened

with transverse series of small pores. Dor-

sum of thorax with three pairs of large tu-

bercles in transversely oblong arrangement,

a pair of low tubercles located further pos-

teriorly, another pair laterally at base ofeach

wing sheath (Figs. 11, 13). Leg sheaths

reaching to venter of abdominal segment

IV, sheaths of prothoracic legs the shortest

(Fig. 12). Abdomen: Slender spines laterally

and along posterior margins of all segments,

spines elongate and thin, about one-third

length of abdominal segment III (Fig. 11).

Two spines laterally on II-VII, with a small

tubercle located between (Fig. 12). Dorsal

spines along posterior margin of segments,

four spines on I (two long, two short), 5-6

on II-VII (four long. Fig. 1 1); ventral spines

also along posterior margin, two large spines

on III-IV, four large spines on V-VII, a pair

of minute spines anterior to these on III-

VII (Fig. 12). Terminal segment with two

pairs of elongate spines, one pair directed

dorsally, one pair posteriorly, posterior

spines each with small tubercle near base;

two pairs of short spines anterior to both

large spines and to genital sheaths (Figs. 14,

1 5). Genital sheaths ventral to large spines;

male sheaths a single pair, short, and slightly

curved, with constrictions at midlength and

subapically (Fig. 14); two pairs of closely

appressed female sheaths (Fig. 15). Minute

spiracles sublateral on each segment III-VII,

posterior pair on terminal segment exposed

and larger.

Specimens examined. U.S.A.: D.C.:

Washington, May 1913, R. C. Shannon,

head of pupa (UMAA). Rorida: Alachua

Co., no specified locality, J. S. Rogers, larval

head capsule (UMAA); Highlands Co.,

Archbold Biological Station (near Lake

Placid), outflow stream of Anne Lake, IV-

15-1989, J. Gelhaus, C. Young, 6 larvae, 2

pupae, 5 larval and pupal skins (reared).

Highlands Hammock State Park, small

stream, IV- 16- 1989 (female collected), J.

Gelhaus, C. Young (eggs and first instar lar-

vae); Putnam Co., Welaka, R. E. Bellamy,

Jr., larval headcapsule (UMAA). We have

deposited specimens in the collections of

the Academy of Natural Sciences, Phila-

delphia, PA; Carnegie Museum of Natural

History, Pittsburgh, PA and Snow Ento-

mological Museum, Lawrence, KS.
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Figs. 1-5. Brachypremna dispellens larva. 1, head, dorsal. 2, head, ventral. 3, hypopharynx, ventral. 4,

mandible, ventral. 5, first instar larva, lateral. Scale: 1 mm, Figs. 1, 2; 0.1 mm. Figs. 3-5.

Brachypremna sp.

Although reared to pupal stage, the male

genitalia of the pharate adult were not com-
pletely developed in the single specimen to

allow identification. In addition, eight spe-

cies of this genus have been recorded from

Peru, with several species occurring at the

same locality where this single larva was
taken.

Description.—As in dispellens except as

follows:

Fourth (final) instar larva (from exu-

vium): Body length 1 6.0 mm; width 2.7 mm.
Macroscopic hairs on dorsum of abdomen
reddish brown, longest hairs not darkened.

Long hairs anterior to spiracular disc ex-

tending ventrally as semicircular fringe be-

tween dorsal lobes and anterior to anus, all

hairs in fringe equally long.



618 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

"^'^^%.Yr-'^7f/!^-^'y^-^
':'''

^
' '"*"^^^'^-"^*r^*v-*-'*^>*-^...- ^S

''<.

^'^^4.,,,.,,.,,.,^^
;.AH..*,-in-*'^'^*'^-*''-'^'*''-'

-^

"">s.^'

1mtn

.1mm

Figs. 6-10. Brachypremna dispellens larva. 6, habitus, lateral, inset showing lateral macrosetae. 7-8, typical

abdominal segment, dorsal and ventral, inset of macroseta. 9, spiracular area. 10, terminal abdominal segments,

ventral aspect. Scale: 1 mm. Figs. 6-8; 0.1 mm, Figs. 9, 10.

Pupa: length 15.8 mm; width 2.8 mm.
Respiratory horn not so strongly bent, length

1.2 mm. Dorsal spines on I-II subequal in

length. Male genital sheaths short and thick,

without subterminal constriction.

Specimens examined. Peru: Madre de

Dios: Parque Manu, Pakitza, elev. 250 m,

seepage area, IX- 17- 1989, J. Gelhaus, lar-

val skin, pupa (Academy of Natural Sci-

ences, Philadelphia).

Discussion.—The immatures of the two

known species of Brachypremna may be

easily separated by the distinguishing char-

acters listed in the description of the Pe-

ruvian species.

Biology

Habitat: Virtually our entire knowledge

of the larval habitat o^Brachypremna is de-

rived from the widely distributed species,

dispellens. Although the first known larva

was taken from a log near a stream (Alex-

ander 1 920), Rogers ( 1 949: 1 3) reported that

larvae were taken from "wet to saturated

black organic soil of seepage areas, damp
shaded stream banks, or low, wet grass-
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Figs. 1 1-15. Brachypremna dispellem pupa. 1 1-13, habitus, dorsal, ventral, lateral; mps- maxillary papal
sheath. 14-15, terminal abdominal segments, lateral; 14, male; 15, female. Scale: upper, Figs 11-13" lower
Figs. 14-15.



620 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

lands. They occur beneath the liverworts or

damp moss mats of swamp hummocks and

beneath and among the matted stolons and

roots of the luxuriant carpet grass sods of

low, wet, meadow-like situations."

We collected larvae of B. dispellens by

sieving the soil of a heavily shaded bank

along a small sandy stream; the soil was

damp, dark humus, with little sand and

many fine plant roots. Surrounding areas of

more sandy soil contained no larvae. Soil

had a slight cover of leaf litter, and the lar-

vae were found within 3-4 cm of the soil

surface.

The single larva of the species found in

Peru was collected from the surface of sat-

urated mud under a thin layer of leaf litter

in a densely shaded seepage area.

Developmental time: Larvae of dispellens

collected in mid-April began pupating by

late April; the pupal period ranged from 1 0-

14 days. Eggs were obtained from a single

female of dispellens and took 30 days to

hatch.

Food: Because of the sluggish nature of

the larvae and the difficulty of observing

them in soil, no direct observations were

made on larval feeding in either species of

Brachypremna. Fecal pellets of dispellens

were examined, though, and were found to

consist of recognizable plant fragments,

probably derived from leaf litter.

Larval behavior: As noticed by Rogers

(1949), larvae of Brachypremna are ex-

tremely sluggish. For example, in the lab-

oratory, one healthy larva of dispellens re-

mained still and curled on the soil surface

for over 40 minutes, although most tipuline

larvae would have burrowed away from the

light within a few minutes. This unrespon-

siveness, combined with the "dirty" ap-

pearance of the larva (due to the trapping

of soil among the long body hairs), make
larvae extremely difficult to detect in the

soil, except by sieving the soil with water.

Even first-instar larvae of dispellens were

noticed to have debris adhering to them al-

though they possess only a sparse covering

of the long hairs seen abundantly in later

instars.

The larvae of both species have the cu-

rious habit of propelling the fecal material

into the air, even while remaining in the

soil, and the lid of any rearing chamber
quickly becomes fouled with many fecal

pellets. This behavior has been seen in oth-

er, mostly semi-aquatic, tipuline larvae,

particularly species of Tipula {Yamatoti-

pula), and can serve as an easy way to de-

termine positions of the larvae in the soil

in the rearing dishes. In natural situations,

though, this peculiar behavior may serve

the opposite purpose.
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Abstract.—A new genus and species of Ceinae is described from the Transvaal region

of South Africa; this is the first record of the subfamily outside of the Holarctic and

Neotropical regions. The genus is compared with the two other ceine genera, Cea Walker

and Spalangiopelta Masi and autapomorphic features of the structure of the metasoma
are discussed. Bohpa maculata n. gen., n. sp., is a very small wasp with a highly modified

structure ofthe mesosoma and wings; and specimens have been only collected with ground

traps, both of which suggest a primarily hypogaeic existence.

Key Words: Wing reduction, morphology, subterranean habits

During my studies of the world species of

Spalangiopelta Masi (Darling, in press), I

encountered an undescribed genus and spe-

cies of Ceinae from South Africa. The sub-

family was previously known from only the

Holarctic and Neotropical regions, and this

is the first record from the Ethiopian region.

This genus and the type species are de-

scribed herein and compared with the other

two described genera ofCeinae, Cea Walker
and Spalangiopelta.

The Ceinae can be generally recognized

by the following combination of character

states (Darling, in press): (1) notauli com-
plete; (2) propodeal spiracle situated half-

way between the anterior and posterior

margins ofporpodeum; (3) clypeus reduced,

antennal toruli separated from oral fossa by

a distance less than diameter of torulus; (4)

antenna with three annelli, antennal for-

mula 1 1353; (5) marginal vein long; and (6)

mandibles bidentate.

Many species of Ceinae are closely as-

sociated with subterranean environments

(Darling, in press). All three genera possess

structural features that I interpret as spe-

cializations for life underground. For ex-

ample, wing reduction occurs in all three

genera and is correlated with morphological

modification of the mesosoma. Parallel

modifications are found in the Ceinae and

in Tetracyclos Kryger (Encyrtidae) and these

are discussed herein.

Terms and abbreviations.— Metasomal

tergites are designated T1-T8; Tl is the

"petiole" and T2-T8 form the "gaster." The
antenna consists of the scape, pedicel, three

annelli (Al, A2, A3), five funicular seg-

ments (F1-F5), and three claval segments

(C1-C3) that are referred to collectively as

the "club." For all measurements, length,

width, and height are maximum values ob-

tained by rotating the specimen. Measure-

ments and abbreviations are as follows: EH,
eye height; Fl, F2, etc., length of funicle

segment 1, 2, etc. in lateral view; HL, head

length in dorsal view; HW, head width in

frontal view; MS, length of malar space;

MSC, length of mesoscutum along midline;

OOL, length of ocular-ocellar line; PN,
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length of pronotum along midline; POL,

length of postocellar line; SC, length of scu-

tellum along midline; and SL, scape length.

Museum acronyms: British Museum (Nat-

ural History), London (BMNH); Canadian

National Collection ofInsects Arachnids and

Nematodes, Ottawa (CNC); National Mu-
seum ofNatural History, Washington, D.C.

(USNM); Royal Ontario Museum, Toronto

(ROM); Transvaal Museum Pretoria (TMP).

Bohpa Darling, New Genus

Etymology.— Bohpa is the Zulu word for

"arrest" or "confinement" and is an allu-

sion to the restricted subterranean habitats

frequented by the type species. The gender

is feminine.

Type spQcies.—Bohpa maculata Darling,

New Species.

Diagnosis.—The structure ofthe metano-

tum and propodeum will distinguish this

genus from both other genera ofCeinae. The
scutellum is vaulted over the propodeum in

lateral view (i.e. the mesonotum and por-

podeum at an angle of about 90 degrees)

(Fig. 1), the metanotum is very short with-

out a distinct dorsellum (Fig. 9), and the

propodeum is strongly transverse with a very

broad nucha, without carinae or foveae (Fig.

9). In Cea and Spalangiopelta the mesoso-

ma is much more elongate in habitus (see

Graham 1969, fig. 51 and Darling and Han-

son 1986, fig. 1, respectively), and in profile

the mesosoma is either flattened or rounded

with the mesonotum and propodeum at an

angle of 135-160 degrees. The metanotum
is also much longer in these two genera and

there is a distinct dorsellum. Bohpa can also

be differentiated from Spalangiopelta by the

structure of the pleuron; in Bohpa and Cea
the mesopleuron and metapleuron abut (Fig.

6) whereas the mesopleuron overlaps the

metapleuron in Spalangiopelta (Darling, in

press, figs. 1 , 9). The latter state is regarded

as an autapomorphy of Spalangiopelta. The
structure of the antenna is similar in Bohpa
and Spalangiopelta, but distinguishes Boh-

pa from Cea. In Bohpa the radicle is small

and there is a distinct 3-segmented club

(Figs. 4-5) whereas in Cea the radicle is very

long and there is no distinct club (Darling,

in press, fig. 19).

Description.— Female. Robust in habi-

tus, metasoma sessile. General body color

light brown, with notaulus, axilla, an axil-

lula indicated by darker lines in pinned ma-
terial, sutures not distinct with SEM (Fig.

7). Forewing reduced to form a sclerotized

lobe, with large compound (bifurcated) api-

cal setal process (Fig. 8); hindwing reduced

or absent.

Head: Clypeus small, transverse; anten-

nal toruli separated from oral fossa by less

than diameter or torulus; scrobal cavity deep

with high triangular interantennal callus (Fig.

2); compound eye with reduced number of

rather large ommatidia giving the appear-

ance of "raspberry eyes," with short setae

between ommatidia (Fig. 5); ocelli vestigial,

indicated by dark brown spots in pinned

material, anterior ocellus not evident with

SEM, posterior ocelli extremely reduced

(non-functional?) but present, situated high

on vertex, OOL equal to POL; malar sulcus

absent (Fig. 5). Antenna (Fig. 4): radicle

small, about one-sixth scape length; pedicel

elongate, length twice maximum width,

much longer than Fl; combined length of

annelli greater than Fl; Fl transverse, length

one-halfwidth and less than one-half length

of distad flagellar segments, without mul-

tiporous plate sensilla; club 3-segmented;

papilliform sensilla not detected on flagel-

lum and club; enlarged, anteriorly-directed

seta absent on dorsal surface of F1-F5 and

club; apex and ventral surface of C3 with

surface sensilla, without erect peg-like sen-

silla (Fig. 4, cf. Spalangiopelta, Darling, in

press, fig. 6).

Mesosoma: Arched in lateral view, scu-

tellum produced over propodeum, meso-

notum and propodeum making an angle of

about 90 degrees (Fig. 1); pronotum elon-

gate, without distinct collar (Fig. 7), length

0.6-0.7 maximum width, longer than me-

soscutum, PN/MSC =1.1; tegula very small
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(Figs. 6, 8); scutellum shorter than mesoscu-

tum, SC/MSC = 0.6, with rolled rim indi-

cated laterad, apex broadly rounded (Figs.

7, 9); metanotum very short, straplike,

without distinct dorsellum (Fig. 9); propo-

deum strongly transverse, width about 4

times length along midline, with very broad

nucha, without carinae or foveae (Fig. 9),

with long seta present beneath spiracle; pos-

terior margin of mesopleuron simple, not

projected roof-like over metapleuron as in

Spalangiopelta (Fig. 6).

Metasoma (Figs. 1 , 3): petiole inconspic-

uous, only visible with dissection, strongly

transverse, length about 0.2 width; hypo-

pygium extended to middle of gaster, with-

out distinct mucro, with lateral processes;

cerci plate-like, with 1 long and 2 smaller

setae; ovipositor long, subequal in length to

gaster, ovipositor sheaths extended only

slightly beyond apex of gaster.

Remarks.— Both Bohpa and Spalangio-

pelta are characterized by apomorphic con-

figurations ofthe mesosoma, relative to Cea.

I regard these structural modifications as

divergent evolutionary responses to a sub-

terranean mode of life. In Cea, the meso-

soma has a typical pteromalid structure;

wing length variation, the presence of both

brachypterous and macropterous females in

Cea pulicaris Walker, is the only morpho-
logical feature that might be considered as

an adaptation to life underground. This di-

morphism in wing structure may be a result

of differing selection pressures with respect

to host finding. The brachypterous females

may be better able to move through the lit-

ter and duff in search of hosts and the ma-
cropterous females may be better able to

disperse in search of suitable habitats or

hosts. In Spalangiopelta, the apomorphic

configuration of the mesosoma may allow

the relative movement of the metapleuron

and propodeum and result in increased flex-

ibility (see Darling, in press for discussion).

The genus Bohpa is described and recog-

nized because of the highly modified struc-

ture of the mesosoma and a suite of char-

acters that are regarded as modifications for

a primarily hypogaeic or subterranean ex-

istence. The wasps are extremely small and

compact; the metasoma is sessile and there

is a close association of the mesosoma and

metasoma through a reduction in the size

of the propodeum (Figs. 1 , 3) and petiole.

In addition, the forewing is highly reduced

and modified (Figs. 6, 8, 9), the hindwing

is reduced or absent, the notauli (Fig. 7) and

ocelli (Fig. 1 0) are vestigial, the general body

color is light, and the body has reduced

sculpture. These are regarded as generic

characters for Bohpa and other morpholog-

ical features are described for the type spe-

cies of the genus. The generic description

will need to be revised should additional

species be referred to the genus and should

the male be discovered.

Bohpa maculata Darling,

New Species

Type locality: Transvaal, South Africa.

Type material: All from South Africa.

Holotype +: "S. Afr., E. Transvaal, 16 km
N. Barberton 25.42S-30.57 E," "30.11.-

1986; E-Y:2331 groundtraps, 53 days leg.

Endrody-Younga," "groundtraps with meat

bait." Paratypes (7 99): same data as holo-

type (4 99: TMP, ROM, CNC, USNM);
"S. Afr. Transvaal Frm: Rhenosterpoort

25.43S-28.56E," "16.11.1975; E-Y:937

sifted litt. in bush leg. Endrody-Younga"

(2 99, TMP, ROM); "S. Afr; Tvl Nelspruit

Nat. Res., dry valley 25.29S-30.55 E,"

"23.9. 1986; E-Y:2286 groundtraps, 33 days

leg. Endrody-Younga," "groundtrap with

banana bait" (1 99; TMP, BMNH).
Additional material examined: 3 99: same

data as holotype (1 9, coated for SEM; 1 9,

head missing, D. Chris Darling Slide No.

1424 [prothorax, mesothorax], 1425 [meta-

notum, propodeum, metasoma]; both

ROM); "S. AFR. Anthrax Camp, Pafuri,

Kruge N. P. 15 km W. Jet. Limpopo R. &
Levuvhu R. 9-24.XI.85 M. Brigham" (1 9;

D. Chris Darling Slide No. 910, antenna;
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Figs. 1-4. Bohpa maculata. 1, Lateral habitus. 2, Head, frontal view. 3, Dorsal habitus. 4, Antenna. Scale

lines: Figs. 1-3, 0.25 mm; Fig. 4, 0.01 mm. Note: stippling in Figs. 1-2 denotes areas of darker color.
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specimen damaged, metasoma coated for

SEM; ROM).
Type repository: Transvaal Museum, Pre-

toria, South Africa.

Etymology: The specific epithet is from

the Latin for "spotted" or "dappled" and

is a reference to white spots or maculations

on the head.

Diagnosis: This is the only described spe-

cies ofBohpa; the generic diagnosis will dis-

tinguish this species. It is also likely, based

on species-specific characters in Spalangio-

pelta, that the pattern of white maculations

ofthe head will distinguish this species from

any as yet undiscovered species ofthe genus.

Distribution: This species is currently re-

corded from only the Transvaal region of

South Africa. The following information

about the 3 collecting localities for the type

material is summarized from information

kindly provided by Dr. S. Endrody-Younga

{in litt.). All specimens were collected in

spring and early summer from traps and

samples collected in areas of dense bush

cover, but from a range of habitat types.

Specimens were collected from both the

subtropical parts of eastern Transvaal (E-

Y:2286 and 2331), which has higher rainfall

and temperatures that do not usually fall

below freezing, and from the Transvaal

Highlands (E-Y:937), which has lower rain-

fall and regular winter frost.

Host: Unknown.
Description: Female. Length, 0.8-0.9 mm.

Head, mesosoma, and metasoma light

brown to yellow in color, with blue-violet

iridescent reflections on dorsum ofhead and

mesosoma, except: head with interantennal

callus, scrobal cavity, gena, outer and lower

inner orbit white (darker regions indicated

by stippling. Figs. 1-2, head only); legs and

antenna light brown, except: radicle, scape,

and pedicel lighter; ovipositor sheaths dark

brown. Sculpture finely imbricate (Figs. 6,

7) unless otherwise noted, uniformly cov-

ered with short setae, longer and denser on

metasoma.

Head: In frontal view quadrate, maxi-

mum width equal to height, wider than pro-

notum; in dorsal view transverse, HW/HL
= 1 .6-1 .7; MS/EH = 0.4-0.5. Antenna (Fig.

4): scape long, length about 9 times maxi-

mum width, length greater than eye height,

SL/EH = 1.1-1.2, spindle-shaped, slightly

expanded in lateral view; Al, A2, and A3
subequal in length, length about one-quar-

ter width; Al trapezoidal, A2 and A3 trans-

verse; F2-F5 longer than Fl, length slightly

greater than width; clava slightly shorter than

F1-F5 (54:59), segments conical, equal in

length on dorsal and ventral surface.

Mesosoma: Notauli indicated by dark

lines, distinct in slide-mounted specimen but

not by SEM (Fig. 4); frenum not differen-

tiated from scutellum; propodeum alveo-

late, with deep rugose nuchal groove (Fig.

9); prepectus narrowly triangular, without

rounded flange at upper posterior comer

(Fig. 6).

Metasoma (Fig. 1 ): T5 subequal in length

to following two tergites combined; ovipos-

itor sheaths extended beyond apex of gaster

by about one-third length of hind tibia.

Variation.—The only notable variation

among the specimens available for study

concerns the length of the forewing and the

apical setal process. In lateral view, the fore-

wing can extend either just to the midpoint

of the scutellum or past the propodeal spi-

racle. The apical setal processes (Figs. 3, 9)

Figs. 5-10. Bohpa maculata. 5, Lateral view of head. 6, Lateral view of mesosoma (mesonotum detached

from pleurae and metanotum + propodeum). 7, Dorsal view of mesosoma. 8, Highly modified forewing. 9,

Scutellum and propodeum. 10, Dorsal view of head. Figs. 5-7, 9, 10, 0.05 mm; Fig. 8, 0.025 mm. Abbreviations:

lax, first axillary sclerite; A 1-3, annelli; anwp, anterior notal wing process; asp, apical setal process; fw, forewing;

mn, metanotum; msp, mesopleuron; mtp, metapleuron; no, notauli (vestigial); po, posterior ocelli (vestigial);

sp, propodeal spiracle; tg, tegula.
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are variable in length and are often bilat-

erally asymmetrical.

Discussion

The highly reduced forewings and the

squat habitus of Bohpa maculata, with the

gaster sessile due to reduction of metano-

tum, propodeum, and petiole, are reminis-

cent of the enigmatic Tetracyclos boreios

Kryger. This species was studied in detail

by Gibson and Yoshimoto (1981) and re-

ferred to Encyrtidae, but not without some

extended discussion and caveats. Of partic-

ular interest is the similarity of the wing-

like structures in Tetracyclos and Bohpa.

Gibson and Yoshimoto (1981) described

and illustrated the tegula of Tetracyclos as

oval lobe-like structures (figs. 4-7; tg) and

suggested that the forewing was represented

by a knob-like thoracic process (figs. 6-7;

tp). The thoracic process in now regarded

as the first axillary sclerite (G. Gibson, in

/z7/.) based on a detailed morphological study

of the skeletomusculature of Eupelmidae

and Encyrtidae (Gibson 1986); the forewing

is completely absent in this species. In Boh-

pa, the tegula is very small and scale-like

(Figs. 6, 8; tg) and it is the forewing that is

modified into oval lobe-like structures.

There are also similarities in the shape and

orientation of the mesosomal sclerites in

both genera. I regard the metanotum as

strap-like in both genera. I thing it is likely

that the dorsal propodeal flange of Tetra-

cyclos (Gibson and Yoshimoto 1981, fig. 5;

dpf) is the metanotum and the structure la-

belled as the metanotum is the differenti-

ated rim of the scutellum. Gibson and

Yoshimoto also note that Tetracyclos is the

only genus of Encyrtidae known to them in

which the axillae are unrecognizable exter-

nally; similarly, the axillae are indistinct in

Bohpa.

The structural similarities of the meso-

soma must represent convergences in these

two distantly-related genera of Chalcidoi-

dea. Convergence is justification for spec-

ulation about the possible functional sig-

nificance ofa character. In addition to being

flightless, both Bohpa and Tetracyclos may
be associated with leaf litter or other hy-

pogaeic habitats. The host of T. boreios has

not been determined with certainty but the

large series of specimens studied by Gibson

and Yoshimoto (1981) were collected in pit-

fall traps, the same method used to collect

the type material of B. maculata. By asso-

ciation, the host of T. boreios may be a spe-

cies of Pseudococcus (Pseudococcidae) that

feeds on Dryas integrifolia (Rosaceae) (see

Gibson and Yoshimoto 1981 for details) but

even if this host association is correct there

is no indication of where on the plant the

mealybug is feeding; mealybugs can be found

on any part of the host plant, including the

roots (Danzig 1 986). Although the complete

absence ofprotruding structures would seem

advantageous for moving in confined spac-

es, the lobe-like "wings" oiBohpa and Tet-

racyclos may in some way facilitate loco-

motion. Movement of thoracic sclerites has

been documented in Tetracyclos (Gibson

and Yoshimoto 1981) but there is no evi-

dence of a similar mechanism in Bohpa.

The similarities in structure of these dis-

tantly related species are but one manifes-

tation of the general trends that accompany

the reduction or loss of wings in the Hy-

menoptera (Reid 1941) and additional mor-

phological studies of wingless or brachyp-

terous Chalcidoidea would be extremely

interesting.
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Abstract.—Harmonia axyridis (Pallas), an Old World Coccinellini, is reported as es-

tablished in southeastern Louisiana. A few specimens were also collected in eastern Mis-

sissippi. The species is described, illustrated, and compared to H. dimidiata (F.) and H.

quadripunctata (Pontopiddian).

Key Words: Coleoptera, Coccinellidae, Harmonia

A lady beetle, not previously known to

be established in the United States, was col-

lected near Abita Springs, St. Tammany
Parish, and in other southeastern Louisiana

parishes. A few specimens were also col-

lected in eastern Mississippi. Harmonia ax-

yridis (Pallas) occurs in southern Siberia,

Manchuria, China, Formosa, Korea, Japan,

Ryukyu Islands, and the Bonin Islands

(Dobzhansky 1933, Timberlake 1943,

Chapin 1965, lablokoff-Khnzorian 1982).

Specimens of this species were released in

California in 1 9 1 6, 1 964, and 1 965 (Gordon

1985) and in Nova Scotia, Connecticut,

District of Columbia, Delaware, Georgia,

Louisiana, Maine, Maryland, Mississippi,

Ohio, Pennsylvania, and Washington from

1978 to 1982 (Gordon 1985, P. W. Schae-

fer, pers. comm.). Specimens were also re-

leased in Connecticut in 1985 during a study

of the potential of H. axyridis to control

Matsucoccus resinosae Bean and Godwin
(McClure 1987).

Japan was the country of origin of the

specimens released in Louisiana and Mis-

sissippi. A single release of 32 specimens

was made in Shreveport, Bossier [sic] Par-

ish, on August 24, 1979, and eight releases

of378 1 specimens were made in Leland and

Stoneville in Washington County, Missis-

sippi, from July 12 to October 23, 1980 (P.

W. Schaefer, pers. comm.). There were no

subsequent reports that this species had be-

come established.

Harmonia axyridis (Pallas)

Figs. 1-6

Diagnosis. — Form oval, convex. Head
straw-yellow, immaculate, with two longi-

tudinal rows of faint spots, or with black

spot on clypeus sometimes extending onto

labrum and head. Antennae and mouth-

parts yellow-brown, sometimes tinged with

black. Pronotum straw-yellow with four

black spots and usually a faint mark above

scutellum, or lateral spots joined to form

two curved lines or an M-shaped mark ex-

tending to anterior margin, occasionally

center of pronotum black. Scutellum straw-

yellow. Elytra yellow-orange, each elytron

in fully maculate individuals with faint mark



VOLUME 93, NUMBER 3 631

behind scutellum, two spots at one-fifth,

three spots in semicircle at two-fifths, three

spots at three-fifths, and one spot at four-

fifths, these black spots variously reduced

or absent; each elytron usually with trans-

verse plica anterior to apex (Fig. 1). Ventral

surface yellow-orange to black, hypomeron,

epimera, epipleura, and lateral abdominal

margins paler. Intercoxal process of pro-

sternum with carinae. Legs yellow-brown

varying to black with posterior side of mid-

dle and hind legs and tarsi paler. Length,

4.81-7.47 mm; width, 3.90-5.89 mm.
Locality data. —The majority of the more

than 1000 specimens were collected by V.

A. Brou at his home located 4.2 miles north-

east of Abita Springs (Sec. 24, T6, SR12E)
using six light traps of varying wattages,

ranging from 60-2500 watts per trap. Usu-

ally a combination of ultraviolet light

sources were used on the traps, including

fluorescent blacklights and high intensity

discharge lamps, e.g. mercury vapor. The
traps operated from dusk to dawn and were

controlled by photoelectric cells. Specimens

first appeared on July 20, August 8 and 20,

October 22, and November 17 in 1988. No
specimens were seen previously even though

the light traps had been operating 365 nights

per year since 1982 at this same location.

In 1989, specimens were taken on January

26 and from March 19 to December 27. In

1 990, they were collected on January 1 3 and

22 and from February 2 through September

16 and were present through December.

Larvae and adults were collected on crab-

apple trees infested with Aphis spiraecola

Patch in May. This species is now the most

common lady beetle at this site. Additional

specimens were collected in July 1990, by

the senior author and V. L. Moseley on

crapemyrtles infested with Tinocallis kaho-

waluokalani (Kirkaldy) in the following

southeastern parishes: Jefferson (Metaire),

Orleans (New Orleans), St. Helena (Greens-

burg), St. Tammany (Covington, Folsom),

Tangipahoa (Hammond), and Washington

(Franklinton). The following specimens were

Fig. 1.

mm.
Harnionia axvridis, habitus; scale bar = 2

collected in Mississippi counties: 1, Cal-

houn (5.5 miles north of Vardaman, black-

light trap in sweetpotato field), August 9,

1990, James Jarrett; 3, Harrison (T5S,

R 1 3W, Sec. 1 , old field habitat on senescent

Erigeron), November 15, 1990, T. C. Lock-

ley; 1 , Panola (2 miles south of Crenshaw),

October 6, 1990, S. Jones (student collec-

tion) (MSU).

Comments. —The variability of the color

pattern has led to the description of more
than 100 forms (see Korschefsky 1932 for

synonymy). Twenty-four of these patterns

were portrayed by Ayala (1978). Only the

pale forms are found in Louisiana and Mis-

sissippi, including /r/^/<i(3 Mulsant, novem-

decimsignata Falderman, and succinea Hope
which are more common in the Maritime

Province of Russia, Korea, Manchuria, and

China. In southwestern Sibera, black forms

with one to several pale spots predominate

(Dobzhansky 1933). In Japan, the percent-

age of the pale form, succinea, decreases

gradually from northeast to southwest while

one of the dark forms, conspicua, increases

conversely; two other dark forms do not

show such a gradient (Komai 1956). lablo-
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kofT-Khnzorian (1982) summarized the in-

formation known about this species, some

ofwhich is included in Hodek ( 1973). Some
of this data, including the host information

given below, may refer to //. yedoemis (Ta-

kizawa), a closely related species that occurs

in China, Korea, Japan, Ryukyu, and Tai-

wan.

Two other species of Harmonia occur in

the U.S. Harmonia dimidiata (F.) was in-

troduced from China into California and

then to Florida in 1926 where it became

established (Gordon 1985). Harmonia
quadripunctata (Pontopiddian), which may
have been accidentally introduced, was re-

ported from New Jersey and New York and

has been in the U.S. since 1924 (Vanden-

berg 1990). Specimens of //. axyridis are

broadly oval; the pronotal pattern consists

of four to five black spots, two curved lines,

an M-shaped mark, or the center of the pro-

notum is black; in addition to the spot be-

hind the scutcllum, each elytron has nine

black spots arranged in a 2,3,3,1 pattern, or

the spots are variously reduced or absent;

and a transverse plica, which is lacking in

the other two species, is usually present near

the elytral apex. Harmonia quadripunctata

is more elongate in shape with 1 1 puncti-

form black spots on the pronotum, one or

two pairs sometimes faint or absent; the el-

ytron is immaculate or has a pair ofelongate

black marks at the lateral margin on either

side ofthe mid-line (Vandenberg 1 990); and

the prosternal carinae, present in the other

two species, are absent (lablokolT-Khnzo-

rian 1982). Specimens of//, dimidiata are

round and very convex with a bilobcd black

spot at the base of the pronotum and seven

black spots arranged in a 1,3,2,1 pattern on

each elytron.

With the addition of two more species of

Harmonia to our fauna, the key to the gen-

era of Coccinellini (Gordon 1985, p. 681)

needs to be modified as follows:

9(6). Apex of each middle and hind tibia with-

out spurs 10

Apex of each middle and hind tibia with

2 spurs (Fig. 626a) 12

1 0(9). Postcoxal line on first abdominal segment

with oblique dividing line 11

- Postcoxal line on first abdominal segment

without oblique dividing line

Mulsantina Weise

11(10). Prosternal carinae ending at anterior cox-

al margin Neoharmonia Crotch

Prosternal carinae extending anterior to

the anterior coxal margin or absent ....

Harmonia Mulsant

12(9). Prostemum strongly convex medially,

protuberant at apex (Fig. 6 1 4b); mesoster-

num deeply emarginatc for reception of

sternal process inatis Mulsant

Prostemum normally rounded, not pro-

tuberant at apex; mesostemum truncate

or weakly emarginate for reception of

prosternal process 13

1 3( 1 2). Postcoxal line on first abdominal sternum

complete, of the Fullus type (Fig. 637a)

idalia Mulsant

Postcoxal line on first abdominal sternum

incomplete, of the Dionnts or Ncphus type

(Figs. 634b, 682a) 14

14(13). Elytron yellow with black sutural margin

and 4 black spots (Fig. 672g), spots often

somewhat coalesced; pronotal hypome-

ron with shallow fovea; Oriental genus,

one species possibly established in Florida

Coelophora Mulsant

Elytron with color pattern not resembling

that o( Coelophora; pronotal hypomeron

without shallow fovea; North American

or European genera 15

1 5( 1 4). Tarsal claw with median tooth (Fig. 626a)

Myzia LcConte

Tarsal claw with subquadrate basal tooth

(Fig. 664b) 16

1 6( 1 5). Pronotal surface polished, shiny, not alu-

taccous between punctures . . Calvia Mulsant

Pronotal surface alutaceous, often dull, not

polished 17

17(16). Pronotum black with large, subtrape-

zoidal or triangular white spot on each

anterolateral angle (Fig. 643g) (apical

margin of pronotum sometimes narrowly

pale) Coccinclla L.

Pronotum not as above 18

1 8( 1 7). Postcoxal line on first abdominal sternum

with oblique dividing line Olla Casey

Postcoxal line on first abdominal sternum

without oblique dividing line 19

1 9( 1 8). Apex of mesostcrnum notched for recep-

tion of prosternal process; European ge-

nus, one species presently established in
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Figs. 2-6. Harmonia axyridis. male and female genitalia. Figs. 2, 3, ventral and lateral views of phallobase

without and with trabes. Figs. 4, 5, entire sipho and enlarged view of distal end. Fig. 6, spcrmathecal capsule,

sperm duct and infundibulum.
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southeastern Canada, Vermont, and New
York' Propylaca Mulsant

- Apex of mcsosternum truncate; occurring

over most of North America from south-

ern Canada to Mexico ... Cycloneda Crotch

Koebele's field notes (Timberlake 1943)

indicated that H. axyridis was common in

Japan on various aphid-infested trees, such

as maple, walnut, and willow, and also on

rose. It fed on Lachmis sp. on Podocarpus

and Kermaphis pint (Koch) [= Pineiis pint

(Koch)] on pine in Japan, on Lachmis sp.

on Pinus sinensis at Hongkong, China, and
was collected on Lachnus infested pine in

Formosa. lablokoff-Khnzorian (1982) also

stated that it was arboreal, that it was found

on rosaceous arborescents and also on oak

and other trees, and that it was chiefly an

aphid feeder although it fed on Icerya pur-

chasi Maskell (Margarodidae), Phenaccocus

pergandei Cockerell (Pseudococcidae) and
Anomoneura mori Schwarz (Psyllidae), at

least in the laboratory. Preferred aphid hosts

given by lablokoff-Khnzorian (1982), some
of which were listed by Hodek (1973), are

as follows: Acyrthosiphon pisum (Harris),

Amphorophora oleracea v.d. Goot [= Hy-
peromyzus carduellinus (Theobald)], Aphis

pomi De Geer, Cinara laricicola (Bomer)
[= C. cuneomaculata (del Guercio)] (?), C.

todocola (Inouye) (?), Cryptosiphum gallar-

iim (Kaltenbach) [= C. artemisiae Buckton],

Eriosoma lanigerum (Hausmann), Hyalop-

terus pnini (Geoffrey), Macrosiphum rosae

iharae Matsumura, Megoura viciaejaponica

(Matsumura) [= Vroleiicon gigantcum Ma-
tsumura], Myzus malisucta Matsumura [=

Ovatus malisuctus (Matsumura)], M. per-

sicae (Sulzer), Neophyllaphis podocarpi
Takahashi, Nippolachnus piri Matsumura,
Periphyllus californiensis (Shinji), Rhopa-
losiphum pseudohrassicae Davis [= Lipa-

phis erysimi (Kaltenbach)], R. prunifoliae

Shinji [= Capitophorus prunifoliae (Shinii)],

' Dysart, R. J. 1

119-12L
i. J. New York Entomol. Soc. 96:

Toxoptera piricola Matsumura [= Schiza-

phis piricola (Matsumura)]. Yasumatsu and
Watanabe (1964) listed 13 hosts including

Cinara kochi Inouye, Hyalopterus pinni

Matsumura, and Chrysomela vicintipunc-

tata Scopoli. Fuyuan and Dongxi (1989) re-

ported the control of Nesticoccus sinensis

Tang (Pseudococcidae) and Rhizococcus

transversus (Eriococcidae) after coccinel-

lids, predominately //. axyridis and H. ob-

scurosignata (Liu-Chung-Lo), were attract-

ed to aphid-infested rape interplanted in the

bamboo forest.
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Abstract.— Hesperophylum heidemanni Reuter & Poppius, 1912 is one of the rarest

mirids in eastern North America; a total of three females has been recorded from New
Hampshire (type locality, Mt. Washington), District of Columbia, and Iowa. Herein new

records are given for Alabama, Maryland, and North Carolina, and additional specimens

from Washington, D.C., are reported. Post oak, Quercus stellata Wangenh., is given as

this mirid's first association with a particular plant species. Characters allowing its sep-

aration from H. arizonae Knight are provided, and the first Mexican record ofthis seldom-

collected mirid (3 females now known) is given. Reasons for the apparent rareness of//.

heidemanni are discussed, and reproduction by parthenogenesis is suggested.

Key Words: Insecta, Hesperophylum, distribution, parthenogenesis

Many of the nearly 2000 mirid species

reported from North America north of

Mexico (Henry and Wheeler 1988) are

poorly known. Most such plant bugs have

remained obscure simply due to lack of col-

lecting, especially in the western states, and

because of ignorance of their habits. Little-

collected Miridae, however, seldom prove

rare once their host plants are discovered.

In the eastern United States, Polymerus ni-

gropallidus Knight, described from the New
Jersey Pine Barrens without host data in

1 923, was known only from the type locality

until discovery of its host (the mat-forming

Arenaria caroliniana Walt., Caryophylla-

ceae) showed that it is a common but spe-

cialist herbivore apparently restricted to

pitch pine-scrub oak barrens (Henry 1978).

Hesperophylum heidemanni Reuter &
Poppius, although widely distributed, may
be a genuinely rare plant bug. Described

nearly 80 years ago from Mt. Washington,

New Hampshire, it is known in the litera-

ture only from three females. Other North

American mirids are known from fewer

specimens, but nearly all belong to genera

in which some species are abundant in at

least part of their range. Assuming host in-

formation is available, there is no reason to

believe that intensive collecting would not

yield numerous additional specimens. But

in the only other member of Hesperophy-

lum, H. arizonae Knight, only two females

have been reported.

Twelve years have passed since I discov-

ered an apparent host for H. heidemanni,

but I have refrained from publishing until

more substantial information was available.

Males and nymphs are still unknown, but I

have decided to alert collectors to this un-

usual species— it seems sufficiently rare to

warrant conjecture about its habits. Here, I

give new state records and notes on its col-

lection. A tentative biological characteriza-

tion is offered, and its rareness is discussed.

It is also compared with //. arizonae, and

the first Mexican record of that species is

given.
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Fig. 1 . Hespewphylum heidemanni female on bark of Quercus stellata.

Hesperophylum heidemanni

Reuter & Poppius

Reuter and Poppius (1912) described this

species (and new genus) from a female col-

lected on Mt. Washington, New Hampshire

(date and collector not given) and placed it

in the small family Termatophylididae.

Blatchley (1926) provided a free translation

of their Latin description. Knight (1941)

transferred H. heidemanni to the mirid sub-

family Deraeocorinae, and Carvalho (1952)

placed it in the tribe Termatophylini.

Single females of this "very rare" bug

(Slater and Baranowski 1978) have been

taken in Washington, D.C., and at Ames,

Iowa (Knight 1941). Knight noted that the

Iowa specimen was taken June 26, 1931.

Collection data for the other specimen ap-

parently have not been published; the label

reads: "Washington D.C., 18-7, Collection

O. Heidemann" (USNM). I tried to verify

that the type specimen was unlabeled as to

date and collector, but it could not be lo-

cated. Reuter and Poppius (1912) indicated

that the type was being deposited at the

USNM, but Blatchley ( 1 926) said it was part

of the Heidemann Collection at Cornell

University. The type cannot be found at

either institution and is not present at the

Finnish Museum of Natural History, Hel-

sinki, or the Swedish Museum of Natural

History, Stockholm.

The Arizona record of this mirid (Barber

1914) refers to H. ahzonae (Knight 1968),

which was described from a female collect-

ed in the Atasco Mountains in 1937. In de-

scribing this new species. Knight over-

looked the 1905 collection of a female from

the Huachuca Mountains ofArizona, which

Barber (1914) reported as H. heidemanni,

and which he himself had mentioned
(Knight 1 94 1 ). A new record for H. arizonae

is MEXICO: Durango: 12.5 km N Michilia
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Hd. Stn., 42 km S Suchil, 2265 m, April

15, 1985, R. T. Schuh & B. M. Massie

(American Museum of Natural History).

This specimen was collected on oak, Quer-

cus sp. (R. T. Schuh, personal communi-
cation).

Hesperophylum heidemanni can be keyed

in Carvalho (1955) and Slater and Bara-

nowski (1978). Knight (1941), Carvalho

(1955), and Slater and Baranowski (1978)

illustrated the head and pronotum. Its dis-

tinctive habitus (Fig. 1), resembling a stout

anthocorid, is similar to that illustrated for

H. arizonae {Yj[i\ghx 1968). Hesperophylum

heidemanni is black, glossy (except anterior

portion of pronotum), about 4 mm long,

with head strongly declivent and pointed,

and second antennal segment thickened and

flattened. From H. arizonae it can be sep-

arated by its larger size (//. arizonae is about

3 mm long), entirely dark scutellum con-

colorous with pronotum and hemelytra

(rather than ivory white; note: the scutel-

lum of//, heidemanni is not yellowish white

with the tip darker, as stated in original de-

scription), more coarsely punctate pronotal

disc, and by other characters given by Knight

(1968).

New records: Alabama, Maryland, and

North Carolina can be added to the known
distribution of H. heidemanni, and addi-

tional records from Washington, D.C., are

available. All specimens (except the one

from Maryland) were collected by the au-

thor on post oak, Quercus stellata Wangenh.

ALABAMA: Lee Co., Auburn University,

8 May 1986, 1 9. DISTRICT OF COLUM-
BIA: National Arboretum, Washington, 7

June 1982, 1 9; 1 June 1986, 2 99. MARY-
LAND: Calvert Co., Battle Creek Cypress

Swamp, 3 Aug. 1987, A.B. Norden & D.

Williams, 1 9. NORTH CAROLINA:
Mecklenburg Co., Rt. 51, 1 mi. W. of Rt.

16 nr. Matthews, 28 May 1978, 2 99.

Discussion

Almost nothing has been written about

the habits of//, heidemanni. It has not been

reported from light trap, pitfall, or Berlese

collections. Knight (1941) said that the Iowa

specimen was swept beneath trees. Even so,

this mirid most likely is arboreal. Post oak

may be an important host plant in part of

the range; similar collecting on other oak

species and on other hardwood trees has not

yielded specimens. But post oak could not

have been the host on Mt. Washington be-

cause this tree ranges only as far north as

southeastern Massachusetts (Little 1971).

Some other plant (perhaps another species

of oak) also must have served as the host at

Ames, Iowa; native post oak is restricted to

the extreme southeastern portion of Iowa

(Little 1971).

Knight (1941) also remarked that the form

of the head and the long rostrum suggest

predacious habits, and further that such

mirids are never as common as plant feed-

ers. The six specimens I collected were ob-

tained by beating well back (several meters)

on branches of post oak. Predatory mirids

such as some Ceratocapsus and Eustictus

spp. also are consistently taken by beating

branches of host trees (personal observa-

tion). Other termatophylines, e.g. Terma-

tophylidea spp., are known predators (van

Doesburg 1964, Callan 1975).

Other biological attributes of H. heide-

manni remain even more speculative.

Overwintering in the egg stage can be ex-

pected. This is the norm for most arboreal

Miridae, although adults of some Deraeo-

coris spp. (Group I of Knight 1921) do hi-

bernate. Most mirids of temperate regions

produce a single annual generation, es-

pecially shrub- and tree-associated species,

although some predatory mirids are mul-

tivoltine. Collection dates in Washington

D.C., and the southeastern states— late May
to early August—could indicate either uni-

or bivoltinism in H. heidemanni.

This much is known: H. heidemanni is

widely distributed, more so than many
common, easily collected mirids. In this re-

spect, it can be considered successful. The
genus, however, has not diversified like the
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deraeocorine genera Deraeocoris Kirsch-

baum (64 species in North America north

of Mexico) and Eustictus Reuter (22 spp.)

(Henry and Wheeler 1988). The tribe Ter-

matophylini itself is small: seven genera,

three of which are monotypic, with Ter-

matophylum Reuter (7 spp.) the largest

(Carvalho 1957).

Slater (1974) considered the Termato-

phylini a relict group, suggesting that the

presence of H. heidemanni in the north-

eastern states indicates an early arrival in

the New World, perhaps from the Oriental

Region. He also suggested that climatic de-

terioration during the Pleistocene and com-
petition from more successful groups has

led to range fragmentation.

Any comments about the origin, distri-

bution, and biology of this mirid remain

speculative. Is it a univoltine, mainly oak-

associated predator restricted to a particular

prey group? Do males occupy a different

microniche on host branches so that they

are not as easily dislodged as females? Or
can H. heidemanni be parthenogenetic? An
obligate parthenogenesis in the genus would

be favored in species having widely scat-

tered, sparse populations (e.g. Tomlinson

1966) and could account for this group's

lack of diversification. This mode of repro-

duction is rare in the Miridae (and in Het-

eroptera). Only certain European popula-

tions ofthe dicyphine Campyloneum virgula

(Herrich-Schaeffer) are definitely parthe-

nogenetic (Carayon 1989).

General collectors and ecologists, as well

as heteropterists, are encouraged to look for

and report information on this rarely en-

countered bug. How long will it take to learn

how much ofthe foregoing biological profile

is accurate and to determine why H. heide-

manni is genuinely rare?
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Abstract. —The host range ofAcanthoscelides alboscutellatus (Horn) is clarified, and the

life history and ecology of ^1. alboscutellatus on its host plant, Ludwigia alternifolia (L.),

is described for populations in the mid-Atlantic region of the U.S. Aspects of the host

plant's biology essential to understanding the interaction of this univoltine seed predator

with its host are also described. The parasitoids and predators of A. alboscutellatus are

documented.

Key Words: Life history, host plant, bruchid parasitoids

The seed beetle, Acanthoscelides alboscu-

tellatus (Horn) (Coleoptera: Bruchidae), is

a host-specific seed predator of Ludwigia

alternifolia (L.) (Onagraceae) (Hamilton

1892, Bridwell 1935, Bissel 1940, pers. obs.).

Despite sustained interest in the systematic

and ecological relationships between Acan-

thoscelides and their host plants (Johnson

1970, 1981a, b, 1983, Center and Johnson

1974, Kingsolver and Johnson 1978) and

interest in the evolution of reproductive

structures in the genus Ludwigia (Eyde 1977,

1978, 1981, Peng and Tobe 1987, Rama-
moorthy and Zardini 1988), little infor-

mation is available on the life history of A.

alboscutellatus or the interaction of A. al-

boscutellatus and L. alternifolia. The pur-

pose of this paper is to describe the natural

and life history of A. alboscutellatus and
those features ofthe biology of its host plant,

parasitoids, and predators that contribute

toward understanding the interaction of A.

alboscutellatus with its host. The observa-

tions and timing of events reported here

describe populations of L. alternifolia and

A. alboscutellatus in the College Park, Mary-

land area.

Originally described by Horn (1873), A.

alboscutellatus is considered to be a diver-

gent species of Acanthoscelides, and its

placement in the genus is uncertain. John-

son (1983) recognized 14 species groups in

the genus and tentatively placed A. albo-

scutellatus in the flavescens group even

though the male genitalia differs markedly

from other members of this group. Acan-

thoscelides alboscutellatus is an atypical

member of the genus in several respects. Of
the approximately 155 species within the

genus known to occur in Central and North

America, A. alboscutellatus is the only spe-

cies that uses a member of the plant family

Onagraceae as a host (Johnson 1970, 1981a).

Moreover, in contrast to many other Acan-

thoscelides, the larvae of A. alboscutellatus

do not feed and develop within a single seed

but instead feed on many small seeds and

pupate in a cocoon that they construct with-
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in the many-seeded fruit capsule of L. al-

ternifolia. Finally, A. alboscutellatus may be

unique among the Bruchidae in that the ar-

chitecture of the host plant's fruit imposes

constraints on the body size of adult beetles

capable of escaping from indehiscent fruit

at eclosion. As a result, adult A. alboscu-

tellatus eclosing within indehiscent fruit are

subjected to selection for small body size

(Ott 1990, 1991).

Host Plant Documentation

Hamilton (1892), Bridwell (1935), and

Bissell (1940) reported rearing A. alboscu-

tellatus from the fruit of L. alternifolia.

Blatchley (1910) reported L. palustris to be

the host of .4. alboscutellatus based on the

occurrence of this plant in an area where a

sweep sample yielded A. alboscutellatus.

Cushman (1911) cited Blatchley's findings

and subsequently both L. alternifolia and L.

palustris have been accepted as hosts of /I.

alboscutellatus (Johnson 1970, 1983).

Blatchley (1910), however, did not rear A.

alboscutellatus from the fruit of L. palustris,

the accepted criterion for establishing host

plants for the Bruchidae. No records o{ A.

alboscutellatus having been reared from L.

palustris are known to this author. Town-
send (1895) reared some beetles from Gly-

cyrrhiza lepidota (Fabaceae) that he iden-

tified as A. alboscutellatus. This host record,

however, has never been verified and is con-

sidered doubtful (Johnson 1983, J. M.
Kingsolver, pers. comm.). In the areas of

Maryland, Virginia, and North Carolina

surveyed by this author, larval, pupal, and

adult yl. alboscutellatus have been collected

from within the fruit of only L. alternifolia

from ~40 populations. Until new docu-

mentation suggests otherwise, I assert that

L. alternifolia is the only verified host plant

o{ A. alboscutellatus.

The Biology of L. alternifolia

Ludwigia alternifolia occurs from south-

em Canada to Florida and Texas, and ex-

tends from the east coast westward to Iowa

and Arkansas (Raven and Tai 1979). With-

in its range, L. alternifolia is patchily dis-

tributed and is restricted to moist habitats

such as seepage areas, pond margins, marsh

edges, beaver dams, and drainage ditches.

Local population size is extremely variable,

ranging from tens to thousands of plants.

Many habitats colonized by L. alternifolia

are characterized by rapid plant succession.

Within these habitats, the tenure of L. al-

ternifolia appears to be only a few years. For

example, in two populations studied by this

author the number of mature L. alternifolia

plants decreased over four years from sev-

eral hundred to less than twenty-five plants

in each population. In more stable habitats

such as semipermanent seepage areas, ten-

ure may be much longer.

Ludwigia alternifolia is a short-lived pe-

rennial possessing a shallow root system that

produces from one to five stalks each year

(mode = 1, n = 69). Ludwigia alternifolia

attains adult size in two to three years and

mature plants can reach heights of 0.75 to

2 meters. Variation in edaphic conditions

results in variation in plant size, morphol-

ogy, and fruit number among populations

and within populations between years (Ott,

unpublished data).

Flowering in L. alternifolia begins in late

June, peaks about three weeks later, and

continues for up to forty-five days. Flowers

occur singly along the numerous branches

of each stalk. Within an individual plant,

flowering and fruit maturation proceed cen-

trifugally up the stalk. Individual plants vary

in both the time at which flowering is ini-

tiated and the duration of flowering (Ott,

unpublished data). Adult A. alboscutellatus

of both sexes regularly visit L. alternifolia

flowers and consume both nectar and pollen

during the first hours following anthesis (Fig.

1 ). Anthesis occurs two to four hours after

sunrise depending on local environmental

conditions. Petals are shed and pollinator

visitation ceases four to six hours later. Al-

though adult A. alboscutellatus visit L. al-

ternifolia flowers and may effect some pol-
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lination, the primary pollinators currently

are the introduced honeybee, Apis mellifera,

native bumblebees, primarily Bombus
pennsylvanicus, and the carpenter bee, Xy-

locopa virginica. Forty mature L. alterni-

folia plants monitored during 1984 pro-

duced an average of 250 ± 124 flowers

(range 54 to 744), abscised no flowers, and
aborted less than one percent of the sub-

sequent fruit that developed.

The fruit of L. alternifolia is a four-sided

capsule (3 to 6 mm in width and 4 to 6 mm
in depth), which is fitted with a square top

(Figs. 2-5, 7, 8). Ludwigia alternifolia fruit

contain from 194 to 2143 seeds {x = 920

± 34 (SE), n - 122) which are fed on by
larval /i. alboscutellatus. Seed number is lin-

early related to fruit size and can be pre-

dicted from the width (w) of the fruit top

(seed number = -2126.9 + 1608.3 w (in

mm); R^ = 0.89, P < 0.0001, n = 122).

Individual seeds average 0.03 mg in weight.

Ludwigia alternifolia fruit expand to full

size within seven to ten days of flowering.

During August and September the walls of

the two to three layers of cells immediately

beneath the fruit's epidermis thicken and
lignify to form a hard woody capsule (Eyde

1978) (Fig. 3) This capsule is further

strengthened by median vascular bundles

that effectively bond the four sides of the

fruit together, forming a completely sealed

vessel (Eyde 1981). Fruit remain attached

to the plant. Seeds are dispersed primarily

through an apical pore, a circular opening

formed at maturity in the fruit top by the

abscission of the style and deterioration of

subjacent tissue (Raven 1963) (Figs. 4, 10).

Fruit begin to gradually dehisce (the top and/

or sides separate) during the winter and
spring following their production (Fig. 5).

Seeds remaining in fruit are dispersed at this

time. Some fruit, however, remain indehis-

cent for up to one year. The percent of fruit

remaining indehiscent varies among plants

within populations, among populations, and
between years within populations (Ott

1990). The ratio of dehiscent to indehiscent

fruit within and between populations is of

major significance to the life history of A.

alboscutellatus for two reasons: indehiscent

fruit impose constraints on the body size of

adult beetles and dehiscence greatly increas-

es beetles' exposure to harsh environmental

conditions during winter months (see be-

low, Ott 1990).

Throughout the latter stage of the flow-

ering/fruiting season, leaves are shed, and
the above ground portion of the plant lig-

nifies, becoming woody. Beginning in mid
to late winter the basal portion of the stalk

begins to deteriorate and the stalk may de-

tach from the root system and fall into sur-

rounding vegetation. This feature of the

plant's biology in conjunction with varia-

tion in fruit dehiscence generates further

variation in the range of conditions that are

encountered by overwintering A. alboscu-

tellatus.

The Biology of A. alboscutellatus

Oviposition.— Eggs o{ A. alboscutellatus

are deposited singly onto the surface of de-

veloping L. alternifolia fruit and are held in

place by secretions produced by the female

(Fig. 2). Eggs remain glued to fruit for up to

several months (Fig. 8). As in many other

bruchids (Center and Johnson 1974) eggs

are not placed randomly on the surface of

fruit. Instead, females prefer to deposit eggs

along the edges of the capsules' four sides

and on the lower side of the fruit, under

either of the two bracteoles (Fig. 2). Both

the sepals and bracteoles remain attached

to fruit throughout maturation. Few eggs are

placed on the fruit's more exposed top and
the central areas of the sides.

In natural populations, females begin to

oviposit about two weeks after the first L.

alternifolia flowers appear. In the field, ovi-

position takes place during the mid-morn-
ing to early afternoon hours. In the lab, fe-

males deposit viable eggs for up to fifty-two

days. This period of time closely matches

the host plant's flowering and fruiting sea-

son. Once oviposition has been initiated,
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egg deposition onto individual fruit in the

field begins as early as one day after petals

are shed, peaks between one and two weeks,

and may continue at a decreasing rate for

up to four weeks (Ott, unpublished data).

As a consequence, the developmental stage

of eggs on individual fruit and later the de-

velopmental stages of maturing A. albo-

scutellatus within a fruit are often highly

variable.

The number o{A. alhoscutellatus eggs ob-

served on individual fruit in natural pop-

ulations may range up to thirty. The max-

imum number of adults that can mature

within an individual fruit is, however, only

ten. The cumulative number ofeggs on fruit

at the end of the oviposition season is a

linearly decreasing function of the time at

which a given fruit develops during the

fruiting phenology. As a result, variation in

flowering phenology results in predictable

levels of infestation among plants within

populations and even within individual

plants (Ott, unpublished data).

Variation in both the number and devel-

opmental stages of eggs observed on indi-

vidual fruit results from oviposition from

multiple females. Observations of ovipos-

iting females in the field suggest, and lab-

oratory studies confirm, that females spread

their daily output of eggs among many fruit.

In the laboratory, fifty-nine individually

caged females each provided with ten L.

alternifolia fruit that were initially devoid

ofeggs spread their eggs among the available

fruit by depositing an average of 2.07 ± 0.87

eggs per fruit in a twenty-four hour period.

When confronted with L. alternifolia fruit

that vary in age and egg load, females' choice

of fruit on which to oviposit is not random:

increasing fruit age and the number of eggs

present on fruit inhibit further oviposition

(Ott, unpublished).

The eggs of A. alhoscutellatus are ellip-

sodial in shape and average ~0.02 mm^ in

volume (range 10.9 to 30.6 )uni\ n = 594),

(Fig. 2). For a cohort of thirty-seven female

A. alhoscutellatus maintained in the labo-

ratory for the entirety of their reproductive

careers (Ott 1990) the average volume of

individual eggs was positively correlated

with female abdomen volume (r = 0.53, P
< 0.0007). These females deposited an av-

erage of 91.68 ± 28.17 eggs (range 45 to

1 53), and the total number ofeggs deposited

per female was positively correlated with

abdomen volume (r = 0.56, P < 0.0001).

The daily output of eggs from individual

females captured in the field and allowed to

oviposit on virgin fruit in the laboratory for

a single twenty-four hour period averaged

6.02 ± 3.69 eggs (range 1 to 14, n - 62).

Beetle development.— First-instar larvae

develop in seven to nine days at twenty-

three °C in the laboratory. Larvae emerge

through the ventral surface of the egg cho-

rion and bore directly into the fruit through

the capsule wall (Fig. 6). Entering young,

fleshy fruit requires three to five days at

twenty-three °C. When eggs are deposited

on fruit that are partially to completely lig-

nified, larvae are unable to penetrate the

fruit wall. The egg chorion remains glued to

the fruit and fills with plant wall debris and

frass produced by the boring larvae (Fig. 8).

The bore holes produced by larvae remain

as permanent features of the fruit and allow

the number of larvae entering each fruit to

be determined at the end of the oviposition

season (Fig. 8). Infrequently the chorion be-

comes partially detached from the fruit be-

fore larvae begin boring into the fruit. Lar-

vae then wander about the fruit surface and

die.

Once inside the fruit, larvae enter and

feed within individual developing ovules.

When larval size exceeds ovule size, the lar-

vae move among the ovules and consume
all or part of the ovules encountered (Fig.

7). Late instar larvae construct a cocoon us-

ing mature seeds cemented together (Fig. 9).

The presence of cocoons interferes with the

dispersal of seed through the fruit's apical

pore (pers. obs.). Cocoons are constructed

about four weeks after oviposition, and adult

beetles are observed within cocoons forty
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to forty-seven days after oviposition. Ham-
ilton (1892) reported A. alboscutellatus lar-

vae, pupae, and adults in a sample of fruit

collected in late October; however, close ex-

amination by this author has shown that A.

alboscutellatus overwinter only as adults.

Overwintering.— All adult A. alboscutel-

latus begin overwintering within cocoons

inside indehiscent fruit. The partial to com-
plete dehiscence of fruit, however, exposes

overwintering beetles to a variety of over-

wintering environments. Experimental

studies of winter survivorship across the

range of conditions created by fruit dehis-

cence shows that adult A. alboscutellatus

have the capability to successfully overwin-

ter in sites other than indehiscent fruit (Ott

1990).

Emergence of adults.— Adult A. albo-

scutellatus become active beginning with the

onset of warm weather as early as mid to

late March. Adults eclosing within fruit that

have not dehisced do not chew an exit hole

through the fruit wall as is typical of many
bruchids (Center and Johnson 1974, John-

son 1 987). Instead beetles attempt to escape

from indehiscent fruit through the fruit's

apical pore, which the beetles are capable

of enlarging to a limited extent by chewing

(Ott 1990) (Fig. 10). Because the diameter

of the apical pore is usually less than the

beetle's body diameter, beetles eclosing

within indehiscent fruit are often trapped

within the capsule (Ott 1990) (Fig 10). Bee-

tles may live for up to three months trapped

inside fruit but are incapable ofreproducing

within fruit (see below). Unless the apical

pore can be enlarged to permit escape or the

fruit dehisces, trapped beetles ultimately die

within the fruit.

Colonization of the host plant.— During

the one to two month interval between the

emergence of beetles from overwintering

sites and the initiation ofnew L. alternifolia

growth in late April and early May, A. al-

boscutellatus can be found on the vegetation

adjacent to dried L. alternifolia stalks of the

previous year. Acanthoscelides alboscutel-

latus moves onto L. alternifolia with the

initiation ofnew plant growth. With the on-

set of flowering, beetles congregate in pre-

flowering buds during the night and can be

found on the foliage of L. alternifolia at all

times.

I have never observed A. alboscutellatus

visiting the flowers ofany other plant within

or surrounding L. alternifolia habitats. This

observation, in conjunction with laboratory

studies, suggest that adult A. alboscutellatus

do not feed on nectar and pollen sources

prior to the appearance of L. alternifolia

flowers. In the laboratory, populations of^.

alboscutellatus housed at ten to twelve °C

and supplied daily with water showed no

appreciable mortality for up to two months.

A period of imaginal diapause, lasting up

to several months prior to the appearance

of the host plant, appears to be a typical

feature of bruchids with univoltine life his-

tories (Biemont and Bonet 1981). Whereas

nectar and pollen feeding do not appear to

be necessary prior to the flowering of the

host plant, association with the host plant

appears to be critical to break reproductive

diapause in A. alboscutellatus (see below).

Breeding biology.—The mating behavior

of/i. alboscutellatus is largely unknown. Few
copulating pairs have been observed in the

field despite extensive observation. Only

once was copulation observed among two

hundred male-female pairs of previously

virgin beetles (beetles extracted from over-

wintering cocoons) that were housed in the

laboratory, supplied with L. alternifolia

flowers and fruit, and periodically observed.

Yet the females of one hundred and eighty

of these pairs produced fertile eggs. Virgin

females maintained similarly but isolated

from males did not produce eggs. These ob-

servations suggest that both the frequency

and duration of copulation are low. Studies

of females that were collected from natural

populations at the onset of the oviposition

season and maintained in the laboratory in

the absence ofmales show that, once mated,

females are able to produce fertile eggs (>
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Figs. 1-6. 1, Adult A. alboscutellatus visiting L. alternifolia flower. 10 x; 2, A. alhoscutellatm eggs developing

on the exterior ofan immature L. alternifolia fruit, 25 x ; 3, cross section of a mature (fully lignified) fruit exposing
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90% viability) for the duration of their re-

productive Hfespan (Ott 1990). These re-

sults indicate that females store sperm and

are not required to mate repeatedly

throughout the oviposition season to pro-

duce fertile eggs. While females may not

mate repeatedly, males are capable of mat-

ing with multiple females as shown by the

viability ofeggs produced by multiple virgin

females after mating with a single male.

The reproductive organs of male and fe-

male A. alboscutellatus have not been ex-

amined during the interval between ecolo-

sion and oviposition, hence the timing of

gonadal maturation and mating has not been

definitively established. Two studies sug-

gest, however, that female /i. alboscutellatus

do not receive sperm until the initiation of

host plant flowering. In the first study, twen-

ty-five females that eclosed and subsequent-

ly became trapped in the presence of at least

one male within indehiscent fruit were ex-

tracted, separated from the male(s), and

housed in the laboratory. Each female was
then provided with L. alternifolia fruit and
flowers at two day intervals for the duration

of the flowering season. These females may
have spent up to several weeks trapped with

males within indehiscent fruit. None ofthese

females, however, produced fertile eggs sug-

gesting that one or both of the sexes were

sexually incompetent during the period fol-

lowing eclosion, and, that while the oppor-

tunity may exist, mating does not take place

within indehiscent fruit.

In the second study, twenty-five males

and fifty females were collected from a nat-

ural population two weeks prior to the ini-

tiation ofL. alternifolia flowering. All twen-

ty-five of the females that were housed in

the absence ofmales but routinely provided

with L. alternifolia flowers and fruit for the

duration of the flowering season failed to

produce any eggs, while twenty-two of the

twenty-five females treated similarly but

housed with males produced fertile eggs.

These studies, along with the observation

that in natural populations A. alboscutel-

latus eggs first appear on L. alternifolia fruit

about 1 2 days after the initiation of flow-

ering, suggest that reproductive competence
is acquired at about the time A. alboscutel-

latus begin to feed on the flowers of L. al-

ternifolia.

Parasites and predators.—The eggs o{ A.

alboscutellatus are parasitized by Uscana
semifumipennis (Girault) (Hymenoptera:
Trichogrammatidae). Acanthoscelides al-

boscutellatus eggs that have been parasitized

by U. semifumipennis are readily identifi-

able because this wasp creates a diagonistic

exit hole in the upper surface of the egg

chorion at eclosion. Since the egg chorion

typically remains attached to the fruit, the

number of A. alboscutellatus eggs parasit-

ized by Uscana semifumipennis can be as-

sessed by periodic collection and inspection

of L. alternifolia fruit. Uscana semifumi-

pennis undergoes multiple generations ofre-

production per season using A. alboscutel-

latus as a host.

Acanthoscelides alboscutellatus eggs are

also preyed upon by the larvae of Adalia

bipunctata (Linne) (Coleoptera: Coccinelli-

dae). The larvae of these beetles actively

search the surface ofL. alternifolia fruit and
when A. alboscutellatus eggs are encoun-

tered, pierce and consume the contents of

the egg chorion. The egg chorion may be

detached from the fruit during this process

so that the frequency of such predation can-

not be assessed as confidently as other mor-
tality sources.

Once inside A. alboscutellatus fruit, L. al-

intemal fruit structure, mature seeds and the overwintering cocoons of .4. alboscutellatus. 20 x; 4, mature fruit

showing apical pore (top of fruit) and wasp emergence hole (side of fruit), 20 x; 5, mature fruit with one side

removed (partially dehiscent) showing exposed overwintering cocoons, 20 x ; 6, A. alboscutellatus larval entrance

scar in L. alternifolia fruit, 50 x

.
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Figs. 7-n. 7, Developing L. alternifolia fruit with one side removed showing larval feeding path and de-

veloping seeds, 20 x ; 8, mature fruit three months after infestation, showing attached egg chorions and larval



VOLUME 93, NUMBER 3 649

ternifolia larvae and pupae are parasitized

by five species of chalcid wasps: Dinarmus

acutus (Thomson), Zatropis incertus (Ash-

mead) (PteromaHdae); Eupelmus cyaniceps

(Ashmead), Eupelmus brevicauda (Craw-

ford) (Eupelmidae); and Eurytoma sp. (Eu-

rytomidae). Ovipositing wasps first appear

during the later halfofthe flowering/fruiting

season. At this time females visit the most

mature fruit, which at this time contain late-

instar beetle larvae and pupae. Female wasps

insert their ovipositor through the fruit wall

and can be observed ovipositing through

September and October. All five wasp spe-

cies have been reared from beetle larvae

collected between September and October.

Rearing wasp larvae extracted from fruit

samples collected during January and Feb-

ruary shows that at least two species, Di-

narmus acutus and Eupelmus cyaniceps,

overwinter as larvae within A. alboscutel-

latus cocoons. The overwintering hosts of

the remaining species, as well as the iden-

tities of antecedent host(s) used by these

wasps, are unknown. For all five species only

one wasp emerges from a single A. albo-

scutellatus larvae. (The extent of hyper-par-

asitism is presently unknown.) After eclo-

sion, these parasitoids exit the L. alternifolia

fruit by chewing through the lignified fruit

wall. This diagonistic scar allows fruit in

which beetles have been parasitized to be

readily identified (Fig. 4).

Throughout late summer and early fall,

coincident with fruit maturation and the

opening of the fruit's apical pore, the par-

asitic mite, Pyemotes tritici (Lagrece-Fos-

sat) (Pyemotidae), moves into L. alterni-

folia fruit through the apical pore. Within

the fruit, these mites feed and reproduce on

all life stages of /4. alboscutellatus and on

the larvae and pupae of parasitic wasps.

Pyemotes tritici kill their prey; however, not

all beetles and wasps within a mite-infested

fruit are necessarily attacked. Acanthoscel-

ides alboscutellatus and chalcid wasps killed

by P. tirtici are identifiable by the exoskel-

etal remains of the founding female mites

(Fig. 1 1). Pyemotes tritici multiply at a pro-

lific rate (up to five hundred nymphs have

been collected from the founding females

associated with a single beetle larvae).

Nymphs move out of infected fruit to col-

onize adjacent fruit and plants. Mite infec-

tion is a major source of mortality for de-

veloping and overwintering beetles (pers.

obs.).

The fruit of L. alternifolia and their as-

sociated fauna are subject to predation by

a diversity of vertebrates. During the early

fall. White-footed mice, Peromyscus leu-

copus, and field voles, Microtus pennsylvan-

icus, selectively eat mature fruit containing

A. alboscutellatus. Peromyscus leucopus

climbs L. alternifolia plants and removes

fruit; M. pennsylvanicus cuts through the

base of the plant, cuts the felled plant into

small segments, and then consumes selected

fruit. Both rodents have the potential to

function as important predators of both L.

alternifolia fruit and A. alboscutellatus dur-

ing periods when the rodents are experi-

encing population flushes. Asynchronous

flowering within individual L. alternifolia

plants results in a wide range of both fruit

and /I. alboscutellatus (\Q\Q\opmQn\2A stages

being present at the time plants are felled

by M. pennsylvanicus. Because immature
fruit do not complete development and lar-

vae within them die when plants are felled

(pers. obs.), M. pennsylvanicus can exert

strong predation pressure on both L. alter-

nifolia and A. alboscutellatus during popu-

lation flushes.

During the winter months, white-throat-

ed sparrows, Zonotrichia albicollis, infre-

entrance scars (white circular discs at top of fruit), 20 x; 9, overwintering cocoons of /I. alboscutellatus, 25 x;

10, adult beetle trapped in the apical pore of an indehiscent L. alternifolia fruit, the pore shows signs of abrasion

and chewing by the beetle, 60 x; 1 1, female Pyemotes tritici (white spheres in cocoon) and their victim, 25 x.
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quently open L. alternifolia fruit and con-

sume both beetles and wasps. Whitetail deer,

Odocoileus virginianus, browse on L. alter-

nifolia during the early summer months.

Deer consume leaves, fruit, and some de-

veloping A. alboscutellatus larvae. In areas

of high deer density, browsing dramatically

reduces the number of fruit that plants pro-

duce and hence influences subsequent A. al-

boscutellatus population size. Once fruit be-

gin to lignify during the late summer deer

no longer browse on this plant.

Whereas A. alboscutellatus is subject to

predation and parasitism within L. alter-

nifolia fruit, predation on adult A. albo-

scutellatus following ejnergence from over-

wintering sites appears to be negligible.

Despite extensive field observations, only

twice has the author observed predation on

adult beetles. In both instances, beetles vis-

iting L. alternifolia flowers were captured

by crab spiders, Misumena sp. (Araneida:

Thomisidae).
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THREE NEW SPECIES OF THE NEMATINUS ACUMINATUS GROUP
(HYMENOPTERA: TENTHREDINIDAE) FROM JAPAN,

WITH A KEY TO SPECIES

ICHUI TOGASHI

Ishikawa Agricultural College, 1-308, Suematsu, Nonoichi-machi, Ishikawa Prefecture,

921 Japan.

Abstract.— T\iVQQ new species of the Nematinus acuminatus group from Japan are de-

scribed and illustrated, N. variabilis n. sp., N. shinoharai n. sp, and N. helvipes n. sp. A
key is provided for separation of the Japanese species groups o{ Nematinus and of species

of the acuminatus group.

Key Words: sawflies, Nematinus, Japan

Seven species ofthe genus Nematinus have

been recorded from Japan, A^. luteus Panzer,

N. japonicus (Marlatt), N. alni Rohwer, N.

dorsalis (Matsumura), N. acuminatus

(Thomson), N. rubrocaudatus Takeuchi, and

N. bensoni Tog2is\\\ (Takeuchi 1952, 1956,

Togashi 1964a, b, 1966). The first four be-

long to the luteus group, and the last three

to the acuminatus group. Recently, 1 found

several specimens belonging to the acumi-

natus group that represent three new spe-

cies. I describe these species and give a key

to the species of the A^. acuminatus group

of Japan.

Key to the Japanese Species

Groups of Nematinus and
Species of the Acuminatus Group

1

.

Sawsheath broad, round or truncate at apex in

dorsal view /;//('//.f-group

- Sawsheath acuminate at apex in dorsal view

(Figs. 4, 8, 10, 32, and 37)

acuminatus-gxoux) 2

2. Entirely black except for yellow tegula and cer-

cus; legs yellow with coxae black

helvipes sp. nov.

- Head and thorax mostly reddish yellow, with

black maculae or sometimes underthorax black;

apical portion ofhind femur or tibia with black

spots 3

3. Abdominal tergites mostly black 4

- Abdominal tergites mostly reddish brown .... 6

4. Abdominal stemites mostly reddish brown . . 5

- Abdominal stemites black (head and thorax

black with following parts reddish yellow: clyp-

eus, labrum, cheeks, temples, posterior angles

of pronotum, and tegula; last abdominal seg-

ment and sawsheath except for apex reddish

brown, apex of sawsheath dark brown)

rubrocaudatus Takeuchi

5. First to 8th abdominal tergites black; meso-

notum with 4 black maculae; upper frons, ocel-

lar basin, and post-ocellar area black

bensoni Togashi

- First to 6th abdominal tergites black with red-

dish brown lateral sides; mesonotum without

black maculae; head without black maculae .

acuminatus (Thomson)

6. Mesoscutellum mostly reddish yellow (Figs. 3,

and 12-14); stigma of forewing pale yellow;

OOL slightly longer than POL; hind basitarsus

slightly longer than following 3 segments com-

bined; lancet: Fig. 6 variabilis sp. nov.

- Mesoscutellum entirely black (Figs. 34—36);

stigma of forewing dark brown; OOL slightly

shorter than POL; hind basitarsus slightly

shorter than following 3 segments combined;

lancet: Fig. 39 shinoharai sp. nov.

Nematinus variabilis Togashi,

New Species

(Figs. 1-6, 12-19, and 21-24)

Female.— Length 9.5 mm. Body reddish

brown with following parts black: area sur-
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Figs. 1-11. 1-6, Nematinus variabilis. 7-9, N. caledonicus. 10-1 1, A^. acuminatus. 1, dorsal view. 2, 7, head,

dorsal view. 3, thorax, dorsal view. 4, 8, 11, sawshealh, dorsal view. 5, 9, 11, sawsheath, lateral view. 6, lancet.

rounding front ocellus, supraclypeal foveae,

anterior portion of postocellar area, trian-

gular macula of praescutum, two large and
two small maculae on mesonotal lateral

lobes (Fig. 3), sunken areas, anterior and
posterior portion of mesoscutellum (Fig. 3),

metascutellum, metanotum, upper half of

mesepimeron, mesosternum, propodeum,

anterior margin of 2nd to 5th abdominal

tergites, and sawsheath. Antenna reddish

brown, with following parts dark brown:

basal two segments and upper surfaces of
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^,5^,6 ^,7^

Figs. 12-24. 12-19, 21-24, Nematinus variabilis. 20, N. acuminatus. 12-14, mesonotum. 15-20, mesopleu-
ron. 21-24, basal three abdominal segments.

3rd and 4th segments, but apical portion of

4th segment becoming paler. Wings slightly

yellowish hyaline; veins dark brown with

following parts pale yellow: costa, subcosta,

costal vein, submedius, stub of anal vein,

and stigma of forewing. Legs reddish yellow

but apical portion of hind femur and tibia

dark brown.

Head: posterior area rectangular; inter-

ocellar furrow distinct and deep; postocellar

furrow rather ill-defined; anterior halves of

lateral furrows deep and rather broad, but

posterior halves linear (Fig. 2); OOL:POL:

OCL = 1.1-1.2:1.0:1.1-1.2; frontal area

slightly concave; median fovea deep and

elongate; lateral foveae deep, circular in out-

line, with a conical like projection in mid-

dle; clypeus nearly flattened, anterior mar-

gin rather semicircularly emarginate; malar

space broad, slightly longer than diameter

of front ocellus.

Antenna slightly shorter than costa plus

stigma of forewing (ratio between them
about 1.0:1.1); relative lengths of segments

about 1.5:1.0:5.0:5.7:5.2:4.1:3.6:3.0:3.7.

Thorax: normal; mesoscutellum nearly
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flattened; prepectus distinct but flattened.

Abdomen: sawsheath as in Figs. 4 and 5;

lancet as in Fig. 6.

Punctation.— Head and thorax except for

prepectus covered with fine setigerous punc-

tures; prepectus nearly impunctate, shining,

Abdominal tergites shagreened.

Male.— Unknown.
Distribution.—Japan (Hokkaido).

Holotype: female, 13. VI. 1986, Hitsuji-

gaoka, Sapporo, Hokkaido, I. Togashi leg.

Paratypes: three females, 18. VI. 1984,

Yamada-onsen, Tokachi, Hokkaido; 2 fe-

males, 21. VI. 1984, Shiretoko-toge, Aba-

shiri, Hokkaido; 3 females, 24. VI. 1984,

Kogen-onsen, Mts. Taisetsu, Hokkaido; 1

female, 11-12. VI. 1986, Futamata-onsen,

Oshima, Hokkaido. All specimens collected

by Dr. A. Shinohara.

Holotype and 6 paratypes are deposited

in National Science Museum (Nat. Hist.),

Tokyo. One paratype is deposited in the Na-

tional Museum of Natural History, Wash-

ington, D.C., and one paratype in my col-

lection.

Remarks.— This new species closely re-

sembles Nematinus caledonicus (Cameron)

of Europe, but it is easily separated from

the latter by the form of the sawsheath (in

caledonicus, the apex ofthe sawsheath is not

acute, compare Figs. 4 and 8), by the form

of the lateral furrows of the postocellar area

(in caledonicus, the anterior '/3 of the lateral

furrows is deeply depressed but the poste-

rior % is linear), by characters of the lancet,

and by the maculation of the mesonotum
(in caledonicus, the mesonotum lacks black

maculae).

Variation.—The triangular macula of the

mesopraescutum varies from black (Fig. 1 2)

to reddish yellow (Fig. 1 3), and the macu-

lation ofmesonotal lateral lobes varies from

four distinct (Fig. 3) to two maculae (Figs.

13 and 14). Also, the black maculation of

the mesostemum varies from a large (Fig.

15) to small spot (Fig. 19), and the black of

the metanotum and the propodeum varies

from mostly black to only small maculae

(Figs. 21-24).

Nematinus shinoharai Togashi,

New Species

(Figs. 25-28, 32-36, and 39)

Female.— Length 9.5 mm. Head and tho-

rax black with following parts reddish brown

to reddish yellow: hind orbits, lower portion

of inner orbits and malar space, clypeus,

labrum, mandible except for apex, labial and

maxillary palpi, latero-posterior comer of

pronotum, tegula, and two maculae on

mesonotum (Fig. 34). Abdomen reddish

brown but sawsheath black. Antenna red-

dish brown but basal two segments and up-

per surface of 3rd to 5th segments black.

Wings pale yellowish hyaline, costa dirty

yellow, stigma and veins except for basal

half of submedius and stub of anal vein in

forewing dark brown, basal half of subme-

dius pale yellow. Legs pale yellow to reddish

yellow with following parts dark brown to

black: basal % of hind coxae, apical half of

hind femur, and apical portion ofhind tibia.

Head: postocellar area nearly flattened;

lateral, interocellar, and postocellar furrows

distinct and deep (Fig. 26); distinct pits ad-

jacent to anterior ocellus (Figs. 25 and 26);

frontal area nearly flattened with distinct

surrounding furrow except for lower por-

tion, and with median groove (Fig. 25); me-

dian fovea distinct, circular in outline; lat-

eral foveae distinct and deep; antenno-ocular

distance nearly as long as distance between

antennal sockets; malar space long, nearly

twice as long as diameter of front ocellus.

Postorbital groove distinct (Fig. 26).

Thorax: normal; hind basitarsus nearly as

long as following 3 segments combined (ra-

tio between them about 1 .00:0.96) (Fig. 28);

ratio between length of hind basitarsus and

inner hind tibial spur about 1.0:0.6 (Fig.

28). Abdomen: normal. Sawsheath as in Figs.

32 and 33; lancet with 12 serrulae (Fig. 39).

Punctation.— Head and thorax covered

with medium-sized punctures, but frontal

area, posterior half of mesonotal lateral

lobes, mesoscutellum except for posterior

'/4, posttergite except for anterior portion,
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1 mm 1 mm

Figs. 25-3 1 . 25-28. Nematinus shinoharai. 29-3 1 , N. helvipes. 25, 29, head, front view. 26, 30, head, dorsal

view. 27, mesopleuron. 28, 3L hind tarsus.

and metanotum covered with very fine Male.— Unknown.

punctures, shining; posterior 'A of meso- Distribution. -Japan (Hokkaido and

scutellum and anterior portion of postter- Honshu).

gite covered with rather large punctures; Holotype: female, 21. VII. 1981, Naka-

propodeum nearly impunctate, shining; 2nd noyu, near Mt. Ontake, Nagano Pref, A.

to last abdominal tergites shagreened. Shinohara leg.
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Figs. 32-38. 32-36, Nematinus shinohari. 37, 38, A^. helvipes. 32, 37, sawsheath, dorsal view. 33, 38, saw-

sheath, lateral view. 34-36, variation of maculation of thorax, dorsal views.

Paratypes: (Hokkaido) one female, 1 1. VI.

1982, Shiokari, Ishikari; 1 female, 26-27.

VI. 1987, Nakayama-toge, Noboribetsu;

(Honshu) 1 female, 24. VII. 1984, Renge-

onsen, foot of Mt. Shirouma, Nagano Pref

All paratypes collected by A. Shinohara.

Holotype and 2 paratypes are deposited in

National Science Museum (Nat. Hist.), To-

kyo. One paratype is deposited in the Na-

tional Museum of Natural History, Wash-
ington, D.C.

Remarks.— This new species very closely

resembles A^. variabilis, but it is easily dis-

tinguished from the latter by the entirely

black mesoscutellum (in variabilis, the me-
soscutellum is mostly reddish yellow), by

the large maculae ofthe mesonotum (in var-

iabilis, the mesonotum has two to five

smaller maculae, compare Figs. 3, 12-14,

and 34-36), by the coloration of the stigma

of the forewing (in variabilis it is pale yel-

low), and by characters of the lancet (com-

pare Figs. 6 and 39).

Variation.—The maculation of the me-



65K l'l<(K I.IIMNdSOl nil. INIOMOIOdK AI,S(K III Y Ol WASI IIN(i I ON

xr
ligs. V),Ai). liirucls. V), Ncinitlnms \hiuiih(ii(ii Ai), N hrlvipcs.

sopracsculum varies lioiii nearly all black

(Fig. 34) to a triangular black macula digs.

IS and '\()), and IIr- niaculalion oltlK- nu'so-

nolal lateral lobes varies Ironi a large,

oblique, black macula (Fig. 34) to lour black

mac lilac digs. 3^ and 36). Tlie mac illation

of the |)osllergile varies liom enliiely black

to nearly all reddish yellow digs. 34-36),

and the niaculalion ol the metanotiim var-

ies Irom entirely black to entirely reddish

yellow digs. 34-36).

Nematinus helvipcs I o^ashi,

Ni'W Sn( IIS

(l-igs. 29-31, 37-3H, and 40)

Female. — Length 7-8. S mm. Body black

with followini', parts reddish yellow to red-

dish brown: labial and maxillary |)alpi, leg-

ula, and cercus. Antenna black but under

sill lace dark brown to dark reddish brown.

Wings hyaline, veins and sti|',ma dark brown.

Fegs pale reddish yellow, but all coxae black

except lor reddish yellow apical portions.

Ilcitd: poslocellai area nearly rectangular

dig. 30); lateral furrows distinct and deep;

postocellar furrow depressed; interoccllar

furrow distinct; li-shaped furrow anterior

to front ocellus as shown in lig. 29; frontal

area nearly flattened, with a surrounding

furrow but anterior portion indistinct; me-

dian fovea rather elongate; lateral foveae

distinct, each with a conical like projection

in middle; ratio between antcnno-ocular

distance and anlennal sockets about 1.3:1 .0;

malar s|)ace longer than diameter of front

ocellus (ratio between them about 1.0:0.6);

postorbilal groove distinct.

Thorax: normal; hind basitarsus as long

as following, 3 segments combined (ratio be-

tween them about 1 .0: 1 .0); inner hind tibial

spur slightly longer than half length of hind

basitarsus (ratio between them about 1.0:

I .H). .i/xJonicn: normal; sawshealh as in ligs.

37 and 3X; lancet with I 3 serrulae (Fig. 40).

I'linctation. I lead and thorax except for

mc-sosculcllum and poslleigite covered with

seligerous piinc tiires, posterior halfof meso-

scutellum covered with rather large and

shallow punctures, anterior half of meso-
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sculcllum nearly impunciatc but with 3 or 4

shallow longitudinal furrows, posttcrgitc and

mctasculcllum covered with fine sctigerous

punctures. Abdominal tergiles shagrecned.

Male.— Unknown.
Distribution. — Japan (Hokkaido and

Honshu).

Ilolotypc: female, 21-23. VI. 1989, Ka-

mikochi, Nagano Pref., A. Shinohara leg.

/'«ra/y/^rsv two females, 16. VI. 1979, Nu-

kabira, altitude 6()()-7()() m, Hokkaido. Ho-

lolype and one paratype are deposited in

National Science Museum (Nat. Hist.), JO-

kyo, and one paratype is deposited in the

National Museum of Natural History,

Washington, D.C.

Remarks.— Ihis new species is closely al-

lied to A^. ruhrocaudatus, but it is easily dis-

tinguished from the latter by the black ab-

domen (in ruhrocaudatus, the last abdominal

segment and sawshealh are reddish brown),

by the yellowish hind femur and tibia (in

ruhrocaudatus, the apical portion of the hind

femur and tibia are black), and by characters

of the lancet.
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TEN NEW SPECIES (DIPTERA: SCIOMYZIDAE)
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Abstract.— Dictya caliente, D. chihuahua, D. disjuncta, D.fisheri, D. Jamaica, D. knut-

soni, D. orion, D. praecipua, D. valleyi, and D. veracruz are described as new Nearctic

and Neotropical species. A key to the Dictya species of the world is included. Illustrations

ofdiagnostic genitalic structures, geographic distribution, and type locality for each species

are given.
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Since Berg (1953) conclusively demon-
strated that sciomyzid fly larvae kill and

consume freshwater snails, considerable in-

terest in these flies has continued. Used alone

or with other control agents, sciomyzid flies,

including Dictya, may limit or control the

snails that serve as intermediate hosts of

snail-borne diseases of man and animals,

namely schistosomiasis and fascioliasis.

Larvae of Dictya species attack both pul-

monate and prosobranch snails in a wide

variety of freshwater habitats as well as in

coastal salt marshes. Within the broad di-

versity of the genus certain species may
prove effective in the biological control of

targeted snails. Recently, McLaughlin and

Dame (1989) developed methods for con-

tinuous propagation of Dictya jloridensis

Steyskal, mass rearing larvae on living,

freshly crushed, and frozen snails, and also

embryonated snail egg masses. Colony size

appeared limited primarily only by space,

labor, and availability of snails for food.

Presently, 42 species o{ Dictya are known
which include one new synonym and the

ten new species described herein. All are

Nearctic or Neotropical with the exception

of Dictya umbrarum (Linnaeus), a Palearc-

tic species.

The following combination of characters

distinguishes Dictya from all other genera.

Gross aspect dull grey with brownish spots,

somewhat smaller than the housefly.

Head. —Face white with central black spot,

one orbital bristle present. Frons not strong-

ly convex. Arista black. Pedicel usually ap-

proximately the same length as high. T/zo-

rax — Proepistemum without strong bristle

above base of forecoxa. Subalar sclerite

without vallar bristles. Bristles present on a

ridge immediately ventrad of the articula-

tion of the wing. One or more thoracic pleu-

rites with setae or bristles. Anepistemum
and anepimeron each with a strong bristle;

katepistemum with setae but without bris-

tles. Two dorsocentral bristles present. Wing
heavily patterned with black and whitish

translucent spots or markings on a grayish

background. Crossvein dm-cu slightly

curved. Hind tibia with one dorsal preapical

bristle. Abdomen.— Tho, terminal segments

and reproductive structures, as in other gen-

era of Sciomyzidae, are uniquely shaped,

which allows separation into species.

In the Americas Dictya is one of the most

widely represented genera in the family

Sciomyzidae. Where proper habitat and host

mollusks are found, Dictya species usually
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occur. The various species are known from

the coastal salt marshes, to the valleys,

mountains and deserts. In its northernmost

distribution, Dictya occurs above the Arctic

Circle. A distribution map by Valley and

Berg (1977) shows/), mow/a^a Steyskal from

Aklavik, Northwest Territories (68°15'N

latitude). Dictya is widespread in Canada
and the United States. It is further known
from the islands of the Caribbean, Mexico,

Central America, and South America,

where, in Colombia, D. bergi Valley reaches

the southernmost distribution for the genus.

In the future one would expect most of

the presently undescribed species of Dictya

to come from localities south of the United

States. Within this tropical and subtropical

area there is a rich diversity of insects, most

of which have been poorly collected. One
must hope that these areas will be collected

more extensively in the near future by astute

entomologists in order to have a permanent

record of that rich fauna before habitat de-

struction by modem man causes its extinc-

tion.

The single most important taxonomic

work on Dictya was by Steyskal ( 1954), who
described eleven new species and recog-

nized a total of twenty-six species. Earlier,

Steyskal (1938) described four new species

from the United States. Steyskal (1960) de-

scribed four additional species in a paper

on new North and Central American spe-

cies. An in-depth study by Valley and Berg

(1977) contributed to further understanding

the biology and immature stages of many
of the Dictya species; also included were

maps of collecting sites and descriptions of

four new species. Fisher and Orth (1983)

illustrated six western North American spe-

cies of Dictya. Further, they indicated and

illustrated four forms of Z). montana. These

forms were not separated into discrete spe-

cies, and crossing occurred in laboratory

crossbreeding tests, the degree ofsuccess de-

pendent upon the combinations attempted.

The external morphology of male and fe-

male Dictya adults is very similar, making

species associations very difficult, especially

when a number of species are known to in-

habit the same locality. The best characters

for species separation are provided by the

male terminalia. However, females ofmany
species also have distinctive genitalic char-

acters that permit species separation. A fe-

male Dictya has not been used as a holotype

since Loew (1859) described D. pictipes. In

his description, Loew did not use the ter-

minalia diagnostically. He noted that ex-

ternal features were so similar to the Eu-

ropean D. umbrarum that they might be

conspecific. Cresson (1920) synonymized D.

pictipes under D. umbrarum, but later it was

resurrected by Curran ( 1 932). In the follow-

ing descriptions ofnew species, female char-

acters have not been included. No attempt

has been made to associate females with

males due to lack of series depth. Associa-

tions have been made on occasion in the

past, only later to be proven inaccurate, thus

confusing the literature with misidentifica-

tions. An attempt has been made to pattern

this manuscript after previous sciomyzid

papers in order to give more continuity to

the subject.

Key and Descriptions

The key and descriptions that follow are

based on the male terminalia. In most spe-

cies, males can be readily separated by the

ventral process of the hypandrium. There-

fore, particular attention should be paid to

that structure, which is shown inverted in

the descriptions and illustrations.

Steyskal ( 1 954) separated Dictya into three

groups: (1) Abnormis Group, (2) Ptyarion

Group, and (3) Typical Group. With the

exception of the Typical Group, which is

now becoming large and cumbersome, the

others seem adequate. In time, as additional

species become known, a further separation

into two subgroups would seem desirable

on the basis of the ventral process of the

hypandrium being with or without a pre-

terminal lobe.
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Fig. 1. Dictya fontirmlis, paratype male. Boca Spring, Nevada Co., California. Photo by M. E. Badgley,

University of California, Riverside.

Checklist of the Known
Species of Dictya

a. Abnormis Group
1 . abnormis Steyskal

2. bergi Valley

3. guatemalana Steyskal

4. insularis Steyskal

5. matthewsi Steyskal

6. sinaloae Orth

7. Veracruz n. sp.

b. Ptyarion Group
8. ptyarion Steyskal

c. Typical Group
9. adjuncta Valley

10. atlantica Steyskal

1 1

.

borealis Curran

12. ^nm/£'>'/ Steyskal

13. caliente n. sp.

14. chihuahua n. sp.

15. disjuncta n. sp.

16. expansa Steyskal

17. fisheri n. sp.

18. floridensis SXeyskal

19. fontinalis Fisher & Orth

20. gaigei Steyskal

2 1

.

hudsonica Steyskal

22. incisa Curran

23. Jamaica n. sp.

24. knutsoni n. sp.

25. laurentiana Steyskal

26. lobifera Curran

27. mexicana Steyskal

28. montana Steyskal

29. «^# Steyskal

30. orion n. sp.

3 1

.

oxybeles Steyskal

n. syn. iron Steyskal

32. pechumani Valley

33. pictipes (Loew)

34. praecipua n. sp.

35. sabroskyi Steyskal

36. steyskali Valley

37. stricta Steyskal
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38. texensis Curran

39. umbrarum (Linnaeus)*

40. umhroides Curran

41. valleyi n. sp.

42. zacki Orth & Fisher

Key to the Dictya Species of the
World (based on males)

\. Second antennal segment (= pedicel) shining

on outer upper halfor more, longer than high.

Large to moderately large, deep black para-

frontal spots present (Abnormis Group) .... 2

- Second antennal segment wholly pruinose, not

longer than high. Parafrontal spots small or

lacking 8

2. Surstylus with deep emargination in dorsal tip

forming a ligulate lobe. Ventral process of hy-

pandrium as in Figs. 34, 35

D. gnatenialana Steyskal

- Surstylus without emargation in dorsal tip . . 3

3. Surstylus with dorsal tip strongly to moderately

projecting 4

- Surstylus with dorsal tip weakly projecting . . 6

4. Ventral process of hypandrium flattened in

cross section, apex truncate as in Figs. 40, 41

D. sinaloae Orth

- Ventral process of hypandrium not flattened

in cross section, apex not truncate 5

5. Ventral process ofhypandrium slender, gently

curved forward, with apical point directed an-

teriad. See Figs. 30, 3 1 . . D. abnormis Steyskal

- Ventral process of hypandrium small, stout,

strongly bent forward, with apical point di-

rected anterolaterad. See Figs. 32, 33

D. bergi Valley

6. Surstylus with slender stem, apical extension

sinuate and turned mesiad beyond middle,

apical tip directed posteriad. Ventral process

of hypandrium with small preterminal lobe

as in Figs. 36, 37 D. insularis Steyskal

- Surstylus with broad stem, apical extension

not sinuate nor turned mesiad beyond middle.

Ventral process of hypandrium without pre-

terminal lobe 7

7. Ventral process of hypandrium small, trun-

cate, with slightly preterminal apical point di-

rected anteriad. See Figs. 38, 39

D. matthewsi Steyskal

- Ventral process of hypandrium with a broad,

flat flange directed anteriad, apex narrowed,

directed slightly anterolaterad. See Figs. 20,

21 D. Veracruz new species

8. Terminalia in retracted condition well cov-

ered by elongated, scoop-like stemite. Sursty-

* Palearctic

lus of aberrant shape (Ptyarion Group). Ven-

tral process of hypandrium as in Figs. 42, 43

D. ptyarion Steyskal

- Terminalia when retracted with at least tip of

surstylus well exposed. No elongated stemite

(Typical Group) 9

9. Ventral process of hypandrium with preter-

minal lobe 10

- Ventral process of hypandrium simply taper-

ing to tip, which may be somewhat recurved

23

10. Surstylus dorsal tip with long, stifl"bristles di-

rected posteriad. Ventral process of hypan-

drium as in Figs. 44, 45 . . . . D. pictipes (Loew)

- Surstylus dorsal tip with only short, stifi'bris-

tles directed posteriad or ventrad 11

1 1

.

Ventral process of hypandrium apical end tri-

lobed as in Figs. 18, 19 . . D. vallcyi new species

- Ventral process of hypandrium not trilobed 12

12. Surstylus with dorsal tip strongly to moder-

ately projecting, usually angulate 13

- Surstylus with dorsal tip weakly or slightly

projecting, usually rounded 18

13. Ventral process of hypandrium with large to

moderately large preterminal lobe 14

- Ventral process of hypandrium with small

preterminal lobe 16

14. Ventral process of epandrium with large to

moderately large posterior lobe 15

- Ventral process ofepandrium with small pos-

terior lobe

cf description and Figs. 24, 25

D. lobifera Curran

cf description and Figs. 14, 1 5

D. orion new species

cf description and Figs. 16, 17

D. praecipua new species

1 5. Prostemum with a few setae. Ventral process

of hypandrium as in Figs. 46, 47

D. hudsonica Steyskal

- Prostemum without setae. Ventral process of

hypandrium as in Figs. 48, 49

D. zacki Orth & Fisher

16. Ventral process of hypandrium rather straight,

erect in lateral view as in Figs. 2, 3

D. caliente new species

- Ventral process of hypandrium rather strong-

ly bent anteriad in lateral view 17

1 7. Ventral process of hypandrium with apex and

pre-tcrminal lobe broad and flattened as in

Figs. 4, 5 D. chihuahua new species

- Ventral process ofhypandrium with apex and

preterminal lobe much narrower and not as

flattened as in Figs. 50, 5 1 . . . . D. incisa Curran

18. Ventral process of hypandrium with large to

moderately large preterminal lobe 19

- Ventral process of hypandrium with small

preterminal lobe 22
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19. Ventral process of epandrium with moderate

to large posterior lobe 20
- Ventral process ofepandrium with small pos-

terior lobe 21

20. Ventral process of hypandrium bent forward

in lateral view as in Figs. 52, 53

D. expansa Steyskal

- Ventral process of hypandrium more or less

vertical

cf. description and Figs. 54-57

D. mexicana Steyskal

cf description and Figs. 58, 59 D. neffi Steyskal

cf description and Figs. 22, 23, 26-29 ....

D. oxybeles Steyskal

cf description and Figs. 60, 6 1

D. pechumani Valley

21. Preterminal lobe of ventral process of hypan-

drium directed anteriad as in Figs. 62, 63 . .

D. stricta Steyskal

- Preterminal lobe of ventral process of hypan-

drium directed anterolaterad or laterad

cf description and Figs. 64-67

D. atlantica Steyskal

cf description and Figs. 6, 7

D. disjuncta new species

22. Ventral process of epandrium with large pos-

terior lobe. Preterminal lobe of ventral pro-

cess of hypandrium directed anterolaterad as

in Figs. 68, 69 D. floridensis Steyskal

- Ventral process of epandrium with relatively

small posterior lobe. Preterminal lobe of ven-

tral process of hypandrium directed antero-

basally as in Figs. 70, 71 . D. sabroskyi Steyskal

23. Surstylus with dorsal tip forming a separate

lobe bearing a tuft of long, stiff bristles di-

rected posteriad. Ventral process of hypan-

drium as in Figs. 72, 73 .... D. borealis Curran
- Surstylus with dorsal tip not forming a sep-

arate lobe, usually with a few short, stiff bris-

tles directed dorsally or posteriad 24
24. Surstylus with dorsal tip strongly to moder-

ately projecting, usually angulate 25
- Surstylus with dorsal tip weakly or slightly

projecting, usually rounded 31

25. Ventral process of hypandrium at least mod-
erately long 26

- Ventral process ofhypandrium relatively short

28
26. Surstylus ofaberrant shape, apical dorsal area

rolled over upon itself laterad, main body of

surstylus narrowed lengthwise in lateral view.

Ventral process of hypandrium as in Figs. 12,

13 D. knutsoni new species

- Surstylus of typical shape, apical dorsal area

not rolled over upon itself laterad, main body
of surstylus not narrowed lengthwise in lateral

view 27
27. Ventral process of epandrium with large.

somewhat sickle-shaped posterior lobe. Ven-

tral process of hypandrium as in Figs. 8, 9 .

.

D. fisheri new species

- Ventral process of epandrium with moder-

ately large, rounded posterior lobe. Ventral

process of hypandrium as in Figs. 74, 75 .

.

D. laurentiana Steyskal

28. Apex of ventral process ofhypandrium some-

what blade-like as in Figs. 76, 77. Prostemum
without setae. Robust species

D. fontinalis Fisher & Orth

- Apex of ventral process of hypandrium not

blade-like. Prostemum with or without setae.

Generally smaller species 29

29. Ventral process ofhypandrium strongly curved

well back from the apex as in Figs. 78, 79.

Prostemum always with setae

D. umbroides Curran

- Ventral process of hypandrium curved for-

ward at apex only. Prostemum with or with-

out setae 30

30. Prostemum without setae. Ventral process of

hypandrium as in Figs. 80, 81 (North Amer-
ican) D. montana Steyskal

- Prostemum usually with setae; ventral pro-

cess of hypandrium as in Figs. 82, 83 (Euro-

pean) D. umbrarum (Linnaeus)

3 1

.

Base of ventral process of hypandrium with

emargination anteriorly as in Figs. 84, 85 .

.

D. brimleyi Steyskal

- Base of ventral process of hypandrium with-

out emargination anteriorly 32

32. Ventral process of hypandrium with a thin

anterior flange

cf description and Figs. 86, 87

D. adjuncta Valley

cf description and Figs. 88, 89

D. steyskali Valley

cf description and Figs. 90, 9 1

D. texensis Curran

- Ventral process ofhypandrium without a thin

anterior flange 33

33. Ventral process ofhypandrium elongated, very

narrow as in Figs. 10, 1 1

D. Jamaica new species

- Ventral process ofhypandrium elongated, ro-

bust as in Figs. 92,93 D. gaigei Steyskal

Dictya abnormis ^XQyskdL\, 1954

Figs. 30, 31

This species is a member ofthe Abnormis
Group and is known only from Mexico. It

was introduced into Hawaii against Lym-
naea ollula Gould, a vector of liver fluke,

but did not become established (Davis 1961,

1974).
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Male.— Wing length 4.3-4.5 mm. Pro-

sternum bare.

Terminalia: Surstylus similar to more
typical species, but stem slender and apical

extension expanded laterally; dorsal tip

rounded, moderately projecting. Ventral

process of hypandrium slender, gently

curved forward, apex with anteriorly di-

rected tip. Ventral process of epandrium

with a slender digitiform posterior lobe; an-

terior lobe lacking.

Type locality. -M^JT/Ca CHIHUA-
HUA: Sierra Madre, Hd. R. Piedras Verdes.

Dictya adjuncta Valley, 1977

Figs. 86, 87

This species is known only from Florida,

where it is relatively widespread.

Male.— Wing length 4.4-5.0 mm. Pro-

sternum bare.

Terminalia: Surstylus with dorsal tip

scarcely projecting, broadly angulate, some-

what rounded. Ventral process of hypan-

drium without preterminal lobe, apical area

with thin flange, most noticeable in antero-

lateral view; ventral processes angled me-
sially in anterior view. Ventral process of

epandrium with large, relatively narrow

posterior lobe, directed slightly posteroven-

trally; anterior lobe much smaller.

Type locality.- t/S^, FLORIDA: High-

lands Co., Highlands Hammock State Park.

Dictya atlantica Steyskal, 1954

Figs. 64-67

This species is known from Nova Scotia,

south to North Carolina, east to Missouri,

north to Michigan and Quebec, but com-
mon only in New England and Middle At-

lantic states.

Male.—Wing length 4.6-5.5 mm. Pro-

sternum bare.

Terminalia: Surstylus with dorsal tip

rounded, only slightly projecting. Ventral

process of hypandrium with preterminal

lobe broadly flared, angulate and turned an-

terolaterally (Figs. 64-67 illustrate variation

in the ventral process). Ventral process of

epandrium with a relatively small posterior

lobe; anterior lobe broad but short.

Type locality. -^75/4, VIRGINIA: Fair-

fax Co., Dead Run.

Dictya bergi Valley, 1977

Figs. 32, 33

This species is a member ofthe Abnormis
Group and is known from Costa Rica and
Colombia.

Male.— Wing length 4.6-5.2 mm. Pro-

sternum bare.

Terminalia: Surstylus with dorsal tip an-

gulate, well-projecting. Ventral process of

hypandrium small, with apical point di-

rected anterolaterally, no preterminal lobe.

Ventral process of epandrium with mod-
erately large posterior lobe directed postero-

ventrally; anterior lobe scarcely projecting.

Type \oc2i\'\iy.-COSTA RICA, SAN
JOSE PROV.: San Antonio— Desampara-
dos.

Dictya borealis Curran, 1932

Figs. 72, 73

This species is known from Alberta east

to Ontario and New York, south to Georgia,

west to Texas, north to North Dakota.

Male.— Wing length 4.6-5.5 mm. Pro-

sternum bare.

Terminalia: Surstylus with dorsal tip

forming a separate lobe bearing a tuft of

long, stiff' bristles directed posteriad. Ven-

tral process of hypandrium slender, elon-

gate, with antero-apical point, no preter-

minal lobe. Ventral process of epandrium

with a large, somewhat acute posterior lobe;

anterior lobe smaller.

Type locality. -C4A^^D/1. MANITOBA:
Birtle.

Dictya brimleyi Steyskal, 1954

Figs'. 84, 85

This species is known from Maine to

Florida, west to Louisiana.

Male.— Wing length 4.1-4.6 mm. Pro-

sternum bare.
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Terminalia: Surstylus with dorsal tip only

slightly projecting. Ventral process of hy-

pandrium with deep emargination at base

anteriorly, slender and straight with strong-

ly curved, very sharp tip. Ventral process

of epandrium with narrow, rounded pos-

terior lobe; anterior lobe not projecting.

Type locality.- 1/^^, NORTH CARO-
LINA: Raleigh.

Dictya caliente Orth,

New Species

Figs. 2, 3

Holotype v!\2i\Q.—Head: Face white, with

a black central ovoid spot; parafrontal spot

distinct, blackish, but not overly prominent;

orbito-antennal wedge-shaped spot brown.

Pedicel entirely matte, in lateral profile as

high as long; arista with long, sparse black

hairs.

Thorax: Presutural bristle approximately

% as long as notopleurals. Prostemum with-

out setae. Mid femur posteroventrally with

a row of approximately 1 6 bristles, longer

medially, shorter and closer together toward

the apex. Wing length 5.0 mm.
Terminalia: As in Figs. 2, 3. Surstylus

with apical dorsal tip moderately angulate

and well-projecting. Ventral process of hy-

pandrium relatively erect with rounded apex

and small preterminal lobe directed antero-

laterally. Ventral process ofepandrium with

posterior lobe well-developed; anterior lobe

small.

Female.—Not recognized.

Holotype. -5, USA, NEVADA: Lincoln

Co., 1 mi S Caliente, 13 June 1970, A. L.

Antonelli and D. E. Foster. This specimen

was provided by W. F. Barr, University of

Idaho. Deposited in United States National

Museum of Natural History.

Paratypes.-L^5'/i, NEVADA: Clark Co.,

Juanita Springs, 17 April 1985, R. E. Bech-

tel and T. E. Smigel (2 3): Lincoln Co., Del-

mues Ranch, 13 August 1985, R. E. Bechtel

and T. E. Smigel (1 S). NEW MEXICO: Cat-

ron Co., 32 mi E Glenwood, 30 June 1973,

Wayne N. Mathis (2 <5).

Diagnosis.— This species has been col-

lected with D. incisa, D. montana, and D.

texensis. The terminalia are similar to D.

incisa. However, differences can readily be

seen in the shape of the ventral process of

the hypandrium.

Etymology.—The species name caliente

is a noun in apposition. This species is

named after the town of Caliente, which is

the type locality and where this species was

first collected. Caliente is a Spanish word
meaning "hot," which is descriptive of the

summer temperature of this small town in

southeastern Nevada.

Dictya chihuahua Orth,

New Species

Figs. 4, 5

Holotype rmle.— Head: Face white, with

a small, black central elliptical spot; para-

frontal spot distinct, blackish, but not over-

ly prominent; orbito-antennal wedge-shaped

spot pale brown. Pedicel entirely matte, in

lateral profile slightly higher than long; aris-

ta with long, sparse black hairs.

Thorax: Presutural bristle approximately

% as long as notopleurals. Prostemum with-

out setae. Mid femur posteroventrally with

Figs. 2-7. 2, 3, Dictya caliente, holotype male. 2, Postabdomen, lateral view, inverted; ap = apex of ventral

process of hypandrium, al = anterior lobe of ventral process of epandrium, ce = cerci, dt = dorsal tip of surstylus,

ep = epandrium, hm = hyaline membrane, hy = hypandrium, pi = posterior lobe of ventral process ofepandrium,
ptl = preterminal lobe of ventral process of hypandrium, ss = surstylus, vph = ventral process of hypandrium.

3, Hypandrium, anterior view, inverted. 4, 5, Dictya chihuahua, holotype male. 4, Postabdomen, lateral view,

inverted. 5, Hypandrium, anterior view, inverted. 6, 7, Dictya disjuncta, holotype male. 6, Postabdomen, lateral

view, inverted. 7, Hypandrium, anterior view, inverted.
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a row of approximately 1 7 bristles, longer

medially, shorter and closer together toward

the apex. Wing length 4.6 mm.
Terminalia: As in Figs. 4, 5. Surstylus

with apical dorsal tip strongly angulate and

well-projecting. Ventral process of hypan-

drium with preterminal lobe forming a flat-

tened wedge-shaped blade rounded at the

apex. Ventral process of epandrium with a

large, rounded posterior lobe directed ven-

tral posteriad; anterior lobe scarcely dis-

cernible.

Female.—Not recognized.

Holotype.-(5, MEXICO, CHIHUA-
HUA: 5 mi N of Meoqui, Hwy. 45, elev.

3800 ft., 30 September 1967, AS-655, T.

W. Fisher. Deposited in United States Na-

tional Museum of Natural History.

Diagnosis. — Externally, this species

closely resembles most other members in

the Typical Group. The terminalia appear

closest to D. incisa and D. expansa; how-

ever, examination of the ventral process of

the hypandrium separates this species.

Etymology.— The species name chihua-

hua is a noun in apposition. Chihuahua is

a large state in central northern Mexico ad-

jacent to New Mexico and Texas.

Dictya disjuncta Orth,

New Species

Figs. 6, 7

Holotype male.— Head: Face white, with

a small, brown, central dewdrop-shaped

spot; distinct black parafrontal spot; orbito-

antennal wedge-shaped spot brown. Pedicel

entirely matte, in lateral profile as high as

long; arista with long, sparse, brownish black

hairs.

Thorax: Presutural bristle approximately

%o as long as notopleurals. Prostemum
without setae. Mid femur posteroventrally

with a row of approximately 1 6 stout bris-

tles, those in apical half much shorter and

heavier. Wing length 4,3 mm.
Terminalia: As in Figs. 6, 7. Surstylus

with apical dorsal tip broadly wedge-shaped,

only slightly projecting. Ventral process of

hypandrium bowed ventrad, apex wedge-

like, with rounded tip. Preterminal lobe well-

developed, sharply pointed, directed almost

totally laterad. Ventral process of epan-

drium with a small posterior lobe; anterior

lobe not projecting.

Female.—Not recognized.

Holotype. -3, USA, MISSISSIPPI: Agr.

Col. Miss., 4 May 1921, H. W. Allen. On
permanent loan to United States National

Museum of Natural History from Missis-

sippi State Entomological Museum.
According to T. L. Schiefer, curator, Mis-

sissippi State, in regard to the type locality,

"The names Agr. Col. Miss., A. & M. C.

Miss., and State College are all old names
for Mississippi State, Oktibbeha Co., Mis-

sissippi. Mississippi State is immediately

adjacent (east) of Starkville."

Diagnosis.— This species can only be

identified by examination of the terminalia.

In Mississippi at least 10 other species of

Dictya are known to occur. Dictya expansa,

D. oxybeles, and D. stricta, which occur in

Mississippi, show some similarities as all

have a well-developed preterminal lobe on

the ventral process of the hypandrium.

However, D. disjuncta is distinguished by

the preterminal lobe being directed almost

entirely laterad as well as the ventral process

being bowed ventrad. Further, in D. dis-

juncta the apical dorsal tip of the surstylus

is considerably less projecting than in the

above species.

Etymology.—The species name disjuncta

is an adjective ofLatin derivation and means

separate, distinct, or different.

Dictya expansa Steyskal, 1938

Figs. 52, 53

This species is known from British Co-

lumbia east to Quebec, and all states in con-

terminous USA except California, Maine,

Tennessee, and Wyoming.
Male.—Wing length 4.9-5.4 mm. Pro-

stemum without setae.

Terminalia: Surstylus with dorsal tip

somewhat rounded, weakly projecting.
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Ventral process of hypandrium with pre-

terminal lobe formed at considerable length

from the apex, angulate and turned antero-

laterally. Ventral process ofepandrium with

large posterior lobe directed posteroven-

trally; anterior lobe not elevated above ven-

tral margin.

Type \oca\iXy.- USA, MICHIGAN: De-

troit.

Dictya fisheri Orth,

New Species

Figs. 8, 9

Holotype rm\c.—Head: Face white, with

distinct black central ovoid spot; small, dis-

tinct, blackish parafrontal spot; orbito-an-

tennal wedge-shaped spot brown. Pedicel

entirely matte, in lateral profile slightly lon-

ger than high; arista with long, sparse black

hairs.

Thorax: Presutural bristle nearly as long

as notopleurals. Prostemum with a few bris-

tly setae. Mid femur posteroventrally with

a row of approximately 1 8 stout bristles,

row poorly defined proximally, bristles

shorter and closer together toward the apex.

Wing length 5.5 mm.
Terminalia: As in Figs. 8, 9. Surstylus

with apical dorsal tip moderately angulate

and well-projecting. Dorsal tip without stout,

stiff bristles, all bristles more or less uni-

form. Ventral process of hypandrium elon-

gated, bent forward with apex directed an-

teriad, no preterminal lobe. Ventral process

of epandrium large, narrowed (to a point)

posterior lobe, directed posteriad; anterior

lobe not present. Epandrium with a central,

ventral, bilaterally-divided, blade-like

projection that extends beyond the ventral

surface of the surstyli. Medially an inner

shorter lobe with long setae separating the

blade-like projections.

Female.—Not recognized.

Holotype. -3, MEXICO, MEXICO: La

Marquesa, Las Cruces N.P., 5-9 July 1965,

Flint and Ortiz. Deposited in United States

National Museum of Natural History.

Paratypes.— Wing length 5.4-5.8 mm.

MEXICO, MEXICO: La Marquesa, Las

Cruces N.P., 5-9 July 1965, Flint and Ortiz

(3 $). HIDALGO: Lagunilla, Rt. 85, km 132,

4 July 1965, Flint and Ortiz (1 <5).

Diagnosis.— This is the only Dictya spe-

cies found south of the United States that

is known to have setae on the prostemum
with the exception of D. knutsoni, which

may or may not have setae. The blade-like

projection on the ventral surface of the

epandrium extending beyond the ventral

surface of the surstyli and the uniform bris-

tles over the entire apex of the surstylus

further separate it from all other species of

Dictya.

Etymology.— It is my pleasure to name
this species in honor of Dr. Theodore W.
Fisher, University of California, Riverside,

whose friendship and shared research over

many years are hereby gratefully acknowl-

edged.

Dictya floridensis Steyskal, 1954

Figs. 68, 69

This species is known from North Car-

olina, Georgia, Florida, Alabama, Missis-

sippi and Louisiana.

Male.— Wing length 4.1-4.7 mm. Pro-

stemum without setae.

Terminalia: Surstylus with dorsal tip

rounded, only slightly projecting, bristles

relatively short. Ventral process of hypan-

drium with very short preterminal lobe, apex

acute, directed anterolaterally. Ventral pro-

cess ofepandrium with large, rounded, pos-

terior lobe; anterior lobe projecting, narrow

and pointed.

Type locality.- L^^/l, FLORIDA: Indian

River County.

Dictya fontinalis Fisher and Orth, 1 969

Figs. 1, 76, 77

This species is known from Washington,

Oregon, Califomia, and Nevada.

Male.— Wing length 4.8-5.6 mm. Pro-

stemum without setae.

Terminalia: Surstylus with dorsal tip well-

projecting, not sharply angulate, but blunt-
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ed or somewhat rounded. Ventral process

of hypandrium without preterminal lobe,

apex with anteriorly directed tip, subapical

portion flattened. Ventral process of epan-

drium with small, short posterior lobe; an-

terior lobe broad, slightly projecting.

Type locality. -(75^, CALIFORNIA:
Nevada Co., Boca Spring.

Dictya gaigei Steyskal, 1938

Figs. 92, 93

This species is known from Ontario and

Michigan.

Male.— Wing length 4.5-5.0 mm. Pro-

sternum without setae.

Tenninalia: Surstylus with dorsal tip but

slightly projecting. Ventral process of hy-

pandrium straight with tip directed ante-

riad, inclined mesad toward opposite side

in anterior view, without preterminal lobe.

Ventral process of epandrium with mod-

erate sized posterior lobe directed postero-

ventrally; anterior lobe not projecting.

Type \oc2i\iiy.-USA, MICHIGAN: Hu-

ron Co., Sand Point.

Dictya guatemalana Steyskal, 1954

Figs. 34, 35

This species is a member ofthe Abnormis

Group and is known only from Guatemala.

Male.— Wing length 4.7 mm. Prostemum
without setae. Pedicel 1.7 times as long as

high.

Tenninalia: Surstylus with wide stem,

apical extension with a long lateral lobe and

deep emargination in dorsal tip forming a

ligulate lobe fringed with small bristles.

Ventral process ofhypandrium short, stout,

strongly tapering, and curved forward. Ven-

tral process ofepandrium without lobes but

with a small mammiform projection on in-

ner side posteriad to middle of the ventral

margin.

Type \oc2\\\y.-GUATEMALA: "Guate-

malan forest."

Dictya hudsonica Steyskal,

Figs. 46, 47

1954

This species is known from British Co-

lumbia, Ontario, Quebec, New Brunswick

south to New Jersey, west to Idaho.

Male.—Wing length 4.1-4.4 mm. Pro-

stemum with a few setae.

Tenninalia: Surstylus with dorsal tip

moderately produced, angulate. Ventral

process of hypandrium slender, narrow,

long, with preterminal lobe at considerable

distance from apex, acute in lateral view,

directed anteromesiad. Ventral process of

epandrium with posterior lobe of moderate

size; anterior lobe not projecting.

Type \oQ^\'\iy.-CANADA, QUEBEC:
Great Whale River.

Dictya incisa Curran, 1932

Figs. 50, 51

This species is known from Washington,

Nevada, Utah, Kansas, New Mexico, Ari-

zona, California and north central Mexico.

Male.— Wing length 4.0-4.7 mm. Pro-

stemum without setae.

Terminalia: Surstylus with dorsal tip an-

gulate, strongly projecting. Ventral process

of hypandrium short, strongly bent, with

small, broadly pointed preterminal projec-

tion. Ventral process of epandrium with

large posterior lobe; anterior lobe scarcely

projecting.

Type locality.- t/^/l. ARIZONA: G. Zuni

River.

Figs. 8-13. 8, 9, Dictya fisheri, holotype male. 8, Postabdomen, lateral view, inverted. 9, Hypandrium,

anterior view, inverted. 10, 11, Dictya Jamaica, holotype male. 10, Postabdomen, lateral view, inverted. 11,

Hypandrium, anterior view, inverted. 12, 13, Dictya knutsoni. holotype male. 12, Postabdomen, lateral view,

inverted. 13, Hypandrium, anterior view, inverted.
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Dictya insularis Steyskal, 1954

Figs. 36, 37

This species is a member ofthe Abnormis
Group and is known only from Puerto Rico.

I have examined a female from Cuba which

appears to be the same species.

Male.— Wing length 4.2 mm. Presternum

without setae. Thoracic dorsum with

roundish deep black spot centered in each

depression mesiad of humeral calli.

Terminalia: Surstylus with slender stem,

apical extension sinuate and turned mesiad

beyond middle. Ventral process of hypan-

drium thick at base, then suddenly con-

stricted anteriorly and curved forward,

preterminal lobe appears as a small shark-

tooth-like projection along the anterior

margin. Ventral process of epandrium with

two lobes, anterior lobe longer and more
pointed, posterior lobe low with finely ser-

rated margin. The lobes have transposed,

i.e. the anterior lobe is actually the posterior

lobe of other species.

Type \0c2A\iy.-PUERTO RICO: San-

turce.

Dictya iron Steyskal, 1960,

synonymized with

Dictya oxybeles Steyskal, 1 960
Figs. 22, 23

The male holotypes o^Dictya iron and D.

oxybeles were kindly forwarded to me by
Dr. Karl Valley and Dr. Wayne Mathis, re-

spectively. Examination of the terminalia

of both types as well as additional speci-

mens reveals them to be conspecific (see

Figs. 22, 23, 26-29). The two species were
described in the same publication. Dictya

iron is known only by the holotype, allotype,

and one paratype, all from Horn Island,

Mississippi. These specimens are in ex-

tremely poor condition. In fact, only the

terminalia remain for the allotype. The ter-

minalia of the three above specimens are in

micro-vials attached to the insect pins. Dic-

tya oxybeles is known to be widely distrib-

uted along the eastern coastal salt marshes

from Nova Scotia south to Florida and west

to Mississippi. The holotype is from Isle of

Palms, South Carolina, and is m excellent

condition. I now consider Dictya iron to be

a new synonym of Dictya oxybeles.

Dictya Jamaica Orth,

New Species

Figs. 10, 11

Holotype rmdc—Head: Face white, with

a large, black, central ovoid spot; distinct

large, black parafrontal spot; orbito-anten-

nal wedge-shaped spot brown. Pedicel en-

tirely matte, in lateral profile as high as long;

arista with long, sparse, black hairs.

Thorax: Presutural bristle approximately

% as long as notopleurals. Prostemum with-

out setae. Mid femur posteroventrally with

a row of approximately 14 stout bristles

nearly the same length, but somewhat closer

together toward the apex. Wing length 4.

1

mm.
Terminalia: As in Figs. 10, 11. Surstylus

with apical dorsal tip broadly angulate,

weakly projecting. Ventral process of hy-

pandrium nearly straight, directed forward

near base, apex with small point directed

anteriorly, no preterminal lobe. Ventral

process ofepandrium with large, broad pos-

terior lobe; anterior lobe small.

Female.— Not recognized.

Holotype. -(3, JAMAICA: Wag Water
River, 25 February 1969, W. W. Wirth. De-

posited in United States National Museum
of Natural History.

Figs. 14-19. 14, 15, Dictya orion. holotype male. 14, Postabdomen, lateral view, inverted. 15, Hypandrium,
anterior view, inverted. 16, 17, Dictya praecipua, holotype male. 16, Postabdomen, lateral view, inverted. 17,

Hypandrium, anterior view, inverted. 18, 19, Dictya valleyi, holotype male. 18, Postabdomen, lateral view,

inverted. 19, Hypandrium, anterior view, inverted.
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Paratypes.— Wing length 4.1-4.2 mm.
CUBA, SOLEDAD: Cienfuegos, Jan.-Feb.

1927, C. T. & B. B. Brues, A. L. Melander

collection (2 5).

Diagnosis. —This is the only Dictya known
to occur in Jamaica and Cuba. It is one of

the smallest species and should not be con-

fused with any other species. Identification

is made simple by the large, black para-

frontal spot and the combination of geni-

talic characters as seen in the figures.

Etymology.— This species is named after

the Caribbean island ofJamaica in the West
Indies at 18°N latitude.

Dictya knutsoni Orth,

New Species

Figs. 12, 13

Holotype male.— Head: Face white, with

a small, central, roughly ovoid, brown spot;

parafrontal spot not overly prominent,

brown; orbito-antennal wedge-shaped spot

brown. Pedicel entirely matte, in lateral pro-

file approximately as high as long; arista with

long, sparse, blackish hairs.

Thorax: Presutural bristle approximately

as long as notopleurals. Prostemum without

setae. Mid femur posteroventrally with a

row ofapproximately 20 bristles, row poor-

ly defined toward the proximal end of the

femur, bristles comparatively small, 4 short,

stout bristles close together near the apex.

Wing length 5.1 mm.
Terminalia: As in Figs. 12, 13. Surstylus

of aberrant form, apical dorsal area rolled

over upon itself laterad, main body of sur-

stylus narrowed lengthwise in lateral view.

Ventral process of hypandrium relatively

long, gradually tapering, bending and di-

rected anteriad. Ventral process of epan-

drium with a small posterior lobe directed

posteriad; no anterior lobe.

Female.— Not recognized.

Holotype. -<5, MEXICO, CHIHUA-
HUA: Sierra Madre, Hd. R. Piedras Verdes,

abt. 7300 ft., 3 July (no year), Townsend,
Pres. by E. Brunetti, B.M. 1927-184. De-

posited in United States National Museum
of Natural History.

Paratype.— Wing length 5.2 mm. MEX-
ICO, DURANGO: Navios [= Navios Vie-

jos], 26 mi E of El Salto, elev. 8000 ft., 27

July 1964, J. F. McAlpine (1 3). The para-

type has a few setae on the prostemum.
Diagnosis.—The only other Dictya rec-

ords I know offrom the states ofChihuahua
and Durango are D. chihuahua n. sp., and
three ''Abnormis Group" females. In view-

ing a map of these states there appear to be

numerous freshwater aquatic habitats that

could support Dictya. The terminalia of this

species do not resemble any other species

I've seen. The aberrant shape of the sursty-

lus is unique to D. knutsoni. Other Dictya

species found in adjoining states in Mexico
and USA are D. incisa, D. matthewsi, D.

sabroskyi, D. sinaloae, and D. texensis.

Etymology.— It is my pleasure to name
this species in honor of Dr. Lloyd Knutson,

United States Department of Agriculture,

Rome, Italy. I have known him both as a

friend and co-worker of sciomyzid flies for

many years.

Dictya laurentiana Steyskal, 1954

Figs. 74, 75

This species is known from Michigan and

Ontario east to Nova Scotia, south to Vir-

ginia, also from the Yukon.

Male. — Wing length 4.6-5.6 mm. Pro-

stemum with or without setae.

Terminalia: Surstylus with dorsal tip

strongly projecting. Ventral process of hy-

pandrium moderately large, nearly straight

Figs. 20-25. 20, 21, Dictya veracruz, holotype male. 20, Postabdomen, lateral view, inverted. 21. Hypan-

drium, anterior view, inverted. 22, 23, Dictya iron, holotype male. 22, Postabdomen, lateral view, inverted. 23,

Hypandrium, anterior view, inverted. 24, 25, Dictya lobifera, holotype male. 24, Postabdomen, lateral view,

inverted. 25, Hypandrium, anterior view, inverted.
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Figs. 26-33. 26, 27, Dictya oxybeles. holotype male. 26, Mirror image. Postabdomen, lateral view, inverted.

27, Hypandrium, anterior view, inverted. 28, 29, Dictya oxybeles, 5 mi S Tuckerton, Ocean Co., New Jersey.

28, Postabdomen, lateral view, inverted. 29, Hypandrium, anterior view, inverted. 30, 31, Dictya abnormis.
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with a hooked tip directed anteriad, well

inclined mesad toward opposite side in an-

terior view, no preterminal lobe. Ventral

process of epandrium with large posterior

lobe directed posteroventrally; anterior lobe

not projecting.

Type \oca\ity.-CANADA, QUEBEC: Ste.

Anne de Beaupre.

Dictya lobifera Curran, 1932

A redescription of the terminalia

Figs. 24, 25

Curran (1932) described Dictya lobifera

in a short one-sentence description of the

anterior clasper (ventral process of the hy-

pandrium) along with a small sketch of the

same. The only other illustration ofZ). lobif-

era was by Steyskal (1954), which was a

misidentification. It therefore seems justi-

fied at this time to briefly redescribe and

illustrate the terminalia of D. lobifera.

This species is known from coastal salt

marshes, Connecticut south to Florida, west

to Louisiana. Not Cuba.

Male.— Wing length 4.7-5.1 mm. Pro-

sternum without setae.

Terminalia: As in Figs. 24, 25. Surstylus

with apical dorsal tip broadly angulate and

moderately projecting. Ventral process of

hypandrium relatively erect, leaning ante-

riad, apex rounded, terminating anteriad in

a blunt point. Preterminal lobe well-devel-

oped, beak-like, and directed anterolater-

ally. Ventral process of epandrium with rel-

atively small posterior lobe; anterior lobe

rounded, slightly raised.

Holotype male.— Wing length 4.7 mm.
USA, FLORIDA: Ormond, collection of

Mrs. A. T. Slosson, Ac. 26226. Deposited

in American Museum of Natural History.

Dictya matthewsi Steyskal,

Figs. 38, 39

960

This species is a member ofthe Abnormis
Group and is known from Arizona, and in

Mexico from Sonora and Nuevo Leon south

to Chiapas.

Male.—Wing length 4.1-4.8 mm. Pro-

sternum without setae.

Terminalia: Surstylus with dorsal tip

scarcely projecting, extending a consider-

able distance back from apex with relatively

small bristles projecting posterodorsally.

Ventral process of hypandrium small with

apical point slightly preterminal, directed

anteriorly. Ventral process of epandrium

with a short, broad posterior lobe; anterior

lobe scarcely projecting.

Type locality.-MEXICO, CHIAPAS:
Las Cruces.

Dictyma mexicana Steyskal, 1954

Figs. 54-57

This species is known only from Tamau-
lipas, the most northeastern state in Mexico.

Male.— Wing length 4.8^.9 mm. Pro-

sternum without setae.

Terminalia: Surstylus with dorsal tip

rather short, broadly angulate, somewhat
rounded with moderately long, erect bris-

tles. Ventral process of hypandrium with

preterminal lobe acute in lateral view, at

considerable distance from apex and par-

tially turned laterad in anterior view (Figs.

54-57 illustrate variation in the ventral pro-

cess). Ventral process of epandrium with

moderate sized, fairly long and narrow pos-

terior lobe; anterior lobe scarcely raised.

Type locality. -A/^JT/CO, TAMAULI-
PAS: Hacienda Santa Engracia (vie. Ciudad

Victoria).

SW Cruz des Piedras, Durango, Mexico. 30, Hypandrium, lateral view, inverted. 31, Hypandrium, anterior

view, inverted. 32, 33, Dictya bergi, Narifio, Santiago, Colombia. 32, Hypandrium, lateral view, inverted. 33,

Hypandrium, anterior view, inverted.
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Figs. 34-45. 34, 35, Dictya guatemalana. holotype male, mirror image. 34, Hypandrium, lateral view,

inverted. 35, Hypandrium, anterior view, inverted. 36, 37, Dictya insularis. holotype male. 36, Hypandrium,

lateral view, inverted. 37, Hypandrium, anterior view, inverted. 38, 39, Dictya matthewsi, Hermosillo, Sonora,

Mexico. 38, Hypandrium, lateral view, inverted. 39, Hypandrium, anterior view, inverted. 40, 41, Dictya

sinaloae. paratype, Hwy. 1 5, Cortinez, Sinaloa, Mexico. 40, Hypandrium, lateral view, inverted. 4 1 ,
Hypandrium,

anterior view, inverted. 42, 43, Dictya ptyarion, holotype male. 42, Hypandrium, lateral view, inverted. 43,
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Dictya montana Steyskal, 1954

Figs. 80, 81

This species is known from British Co-

lumbia east to Saskatchewan, south to Ar-

izona, west to California, north to Wash-
ington, also Baja California Norte and

Sonora. Fisher and Orth ( 1 983) consider D.

montana a polytypic species which can be

separated into four forms by differences in

size, male and female terminalia, and, often,

by patterns of distribution.

From "southern California." Male.—
Wing length 4.5-5.2 mm. Prostemum with-

out setae.

Terminalia: Surstylus with dorsal tip

strongly projecting, acutely angulate with

relatively short, stiff bristles directed pos-

teriad. Ventral process of hypandrium rel-

atively small, apex slightly hooked and di-

rected anterolaterally, no preterminal lobe.

Ventral process of epandrium with poste-

rior lobe small, barely projecting; anterior

lobe broader but scarcely raised.

Type locality.- t/5'/4, CALIFORNIA:
Marin Co., Paradise Cove.

Dictya neffi Steyskal, 1960

Figs. 58, 59

This species is known from southern

Mexico and Guatemala.

Male.— Wing length 4.3-5.0 mm. Pro-

stemum without setae.

Terminalia: Surstylus with dorsal tip

rounded, slightly projecting with a group of

moderate sized, stiff bristles directed pos-

teriad. Ventral process ofhypandrium long,

rounded at apex: preterminal lobe acute in

lateral view, directed forward and slightly

laterad. Ventral process of epandrium with

posterior lobe moderately developed; an-

terior lobe not projecting.

Type \oca\iXy.— GUATEMALA: Patzun,

Chimaltenango, Ruta Nac. 1, km 90.

Dictya orion Orth,

New Species

Figs. 14, 15

Holotype.—Head: Face white with a dis-

tinct black, central, ovoid spot; parafrontal

spot small, brownish black; orbito-antennal

wedge-shaped spot brown. Pedicel entirely

matte; in lateral profile higher than long;

arista with long, sparse, black hairs.

Thorax: Presutural bristle % as long as

notopleurals. Prostemum without setae. Mid
femur posteroventrally with a row of ap-

proximately 16 bristles, longer medially,

shorter and closer together toward the apex.

Wing length 5.2 mm.
Terminalia: As in Figs. 14, 15. Surstylus

with apical dorsal tip moderately angulate

and well-projecting. Ventral process of hy-

pandrium with preterminal lobe forming a

flattened wedge-shaped blade rounded off

at the apex. Ventral process of epandrium

with a small posterior lobe; anterior lobe

not elevated above ventral margin.

Female.— Not recognized.

Holotype.-<5, USA, ILLINOIS: Union

Co., Pine Hills, 3 May 1973, P. L. Nixon.

Deposited in Southem Illinois University.

Paratypes.— Wing length 4.8-5.1 mm.
USA, ARKANSAS: Stone Co., Sylamore

Experiment Station, 4 mi NNE Fifty Six,

3-4 April 1980, E. A. Lisowski (1 6). IL-

LINOIS: McDonough Co., Macomb, 29

May 1962, W. W. Wirth (1 <3); Piatt Co.,

Allerton Park, 4 mi W Monticello, 22 Sep-

tember 1978, E. A Lisowski (1 <5). INDI-

ANA: Tippecanoe Co., Lafayette, date &
collector?, A. L. Melander Collection 1961

(15).

Diagnosis.— Within Illinois, Indiana, Ar-

kansas and contiguous states there are at

least 1 9 species of Dictya, twelve of which

possess a preterminal lobe on the ventral

process of the hypandrium. Of the above

Hypandrium, anterior view, inverted. 44, 45, Dictya pictipes, Saugatuck Reservoir, Fairfield Co., Connecticut.

44, Hypandrium, lateral view, inverted. 45, Hypandrium, anterior view, inverted.
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Figs. 46-57. 46, 47, Dictya hudsonica. Jackson Lake Dam, Teton Co., Wyoming. 46, Hypandrium, lateral

view, inverted. 47, Hypandrium, anterior view, inverted. 48, 49, Dictya zacki, holotype male. 48, Hypandrium,
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Species with a preterminal lobe, those that

most closely resemble D. orion are: D. at-

lantica, D. expansa, D. hudsonica and D.

praecipua. Viewing the illustrations of the

ventral process of the hypandrium reveals

each to be distinct.

Variation.— The preterminal lobe of the

ventral process of the hypandrium of the

four paratypes is slightly smaller and more
slender than that of the holotype. I consider

this to be acceptable variation within the

species.

Etymology.—The species name orion is a

noun in apposition. The origin of Orion is

Latin and pertains to the fabled hunter

transformed into a constellation.

Dictya oxybeles Steyskal, 1 960

Figs. 22, 23, 26-29

This species is known from coastal salt

marshes from Nova Scotia south to Florida,

west to Mississippi.

Male.—Wing length 4.9-5.8 mm. Pro-

sternum without setae.

Tenninalia: Surstylus with dorsal tip

somewhat angulate, only weakly projecting.

Ventral process of hypandrium with long,

slender process sharply pointed apically,

with acutely reflexed preterminal lobe (Figs.

26-29 illustrate variation in the ventral pro-

cess). Ventral process of epandrium with

moderately well-developed posterior lobe;

anterior lobe approximately level with

epandrial margin.

Type XocdiMiy.-USA, SOUTH CARO-
LINA: Charleston Co., Isle of Palms.

Dictya pechumani Valley, 1977

Figs. 60, 61

This species is known from coastal salt

marshes of Massachusetts south to Florida,

west to Texas; also Bermuda and Bahamas.
Male.— Wing length 4.0-4.6 mm. Pro-

sternum without setae.

Tenninalia: Surstylus with dorsal tip

small, roundly angulate, scarcely projecting,

with a few medium-sized bristles projecting

posteriad. Ventral process of hypandrium
with apical area directed laterally; preter-

minal lobe sharply pointed, directed slightly

anterolaterally. Ventral process of epan-

drium with large posterior lobe; anterior lobe

scarcely raised.

Type locality.- 1/^^. MASSACHU-
SETTS: Ipswich.

Dictya pictipes (Loew), 1859

Figs. 44, 45

This species is known from Saskatchewan

to Quebec and Maine, south to North Car-

olina and Alabama, northwest to Colorado

and Montana.

Male.—Wing length 4.8-5.7 mm. Pro-

sternum without setae.

Tenninalia: Surstylus with dorsal tip

forming a somewhat separate lobe bearing

long, stiff bristles directed posteriad. Ven-

tral process of hypandrium well-developed,

apex rounded, preterminal lobe arising near

mesal margin of process and directed some-

what toward the opposite process. Ventral

process of epandrium with posterior lobe

well-developed, directed posteroventrad;

lateral view, inverted. 49, Hypandrium, anterior view, inverted. 50, 51, Dictya incisa, 2 mi S Caliente, Lincoln

Co., Nevada. 50, Hypandrium, lateral view, inverted. 51, Hypandrium, anterior view, inverted. 52, 53, Dictya

expansa. East Fork Jemez River, Sandoval Co., New Mexico. 52, Hypandrium, lateral view, inverted. 53,

Hypandrium, anterior view, inverted. 54, 55, Dictya mexicana, paratype male. Hacienda Santa Engracia, Ta-

maulipas, Mexico. 54, Hypandrium, lateral view, inverted. 55, Hypandrium, anterior view, inverted. 56, 57,

Dictya mexicana, holotype male. 56, Hypandrium, lateral view, inverted. 57, Hypandrium, anterior view,

inverted.
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Figs. 58-69. 58, 59, Dictya neffi, Comitan, 3 mi E Chiapas, Mexico. 58, Hypandrium, lateral view, inverted.

59, Hypandrium, anterior view, inverted. 60, 61, Dictya pechumani, paratype male, Bonita Beach, Lee Co.,

Florida. 60, Hypandrium, lateral view, inverted. 61, Hypandrium, anterior view, inverted. 62, 63, Dictya stricta,

Stoneville, Mississippi. 62, Hypandrium, lateral view. 63, Hypandrium, anterior view, inverted. 64, 65, Dictya

atlantica. holotype male. 64, Hypandrium, lateral view, inverted. 65, Hypandrium, anterior view, inverted. 66,
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anterior lobe projecting and of moderate

size.

Type locality.- (75'y4: "NORTH AMER-
ICA."

Dictya praecipua Orth,

New Species

Figs. 16, 17

Holotype m2i\Q.—Head: Face white, with

a black, central, roundish spot; parafrontal

spot and orbito-antennal wedge-shaped spot

indistinct, light brown. Pedicel entirely

matte, in lateral profile as high as long; arista

with moderately long, sparse, black hairs.

Thorax: Presutural bristle approximately

% as long as notopleurals. Prostemum with-

out setae. Mid femur posteroventrally with

a row of approximately 1 6 somewhat un-

evenly placed bristles, slightly longer me-
dially and closer together toward the apex.

Wing length 4.5 mm.
Terminalia: As in Figs. 16, 17. Surstylus

with apical dorsal tip moderately angulate

and well-projecting. Ventral process of hy-

pandrium narrowed at the apex forming a

rounded-off point, preterminal lobe beak-

like and directed nearly anteriad and slight-

ly laterad. Ventral process ofepandrium with

a small posterior lobe; anterior lobe not pro-

jecting.

Female.—Not recognized.

Holotype. -5, USA, VIRGINIA: Bath

Co., Blowing Spring Campground, 8 mi W
Warm Springs, 28 June 1982, Mathis and
Hint. Deposited in United States National

Museum of Natural History.

Diagnosis.—The ventral process of the

hypandrium of this species resembles that

of Dictya expansa and D. orion. However,
it may be separated from these species by

the beak-like projection of the preterminal

lobe of the hypandrium and the greater and

more angulate projection of the apical dor-

sal tip of the surstylus. The illustration of

Steyskal (1954) o{ Dictya lobifera from Dif-

ficult Run, Virginia, is not D. lobifera but

undoubtedly is this new species.

Etymology.—The species name praeci-

pua is an adjective of Latin derivation and
means special or extraordinary.

Dictya ptyarion SXQyskdX, 1954

Figs. 42, 43

This species is the only member of the

Ptyarion Group and is known from North
Carolina, South Carolina, Georgia, Florida,

and Alabama.

Male.— Wing length 3.8-4.2 mm. Pro-

stemum without setae.

Terminalia: Surstylus of peculiar shape,

pale yellowish, with tooth laterally at base

ofapical extension, medial lappet, and group

of apically directed stiff bristles near apex

of dorsal margin. Ventral process of hypan-

drium rather small, slender and curved for-

ward to sharply pointed tip, preterminal lobe

lacking but with an interior and exterior

flange. Ventral process of epandrium with

long, obliquely truncate anterior lobe well

divided from shorter, rounded posterior

lobe.

Type \oc?i\\\y.- USA, NORTH CARO-
LINA: Wendell.

Dictya sabroskyi ^iQysk?^, 1938

Figs. 70, 71

This species is known from Nebraska east

to Michigan, south to North Carolina and

Florida, west to Texas, north to South Da-

kota; also Mexico and Guatemala.

Male.— Wing length 4.7-5.4 mm. Pro-

sternum without setae.

Terminalia: Surstylus with dorsal tip

broadly angulate, slightly projecting. Ven-

67, Dictya atlantica, Aspetuck Reservoir, Easton, Fairfield Co., Connecticut. 66, Hypandrium, lateral view,

inverted. 67, Hypandrium, anterior view, inverted. 68, 69, Dictya Jloridemis, Aster, Lake Co., Florida. 68,

Hypandrium, lateral view, inverted. 69, Hypandrium, anterior view, inverted.
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76 77

0.4 mm

78 79

Figs. 70-81. 70, 71, Dictya sabroskyi. Hunt Co., Texas. 70, Hypandrium, lateral view, inverted. 71, Hy-

pandrium, anterior view, inverted. 72, 73, Dictya borealis, 25 mi N Wyndmere, Richland Co., North Dakota.

72, Hypandrium, lateral view, inverted. 73, Hypandrium, anterior view, inverted. 74, 75, Dictya laurentiana,

Rosslyn, Virginia. 74, Hypandrium, lateral view, inverted. 75, Hypandrium, anterior view, inverted. 76, 77,

Dictya fontinalis. paratype male. Boca Spring, Nevada Co., California. 76, Hypandrium, lateral view, inverted.

77, Hypandrium, anterior view, inverted. 78, 79, Dictya umbroides, Rivera Cow Camp, E Fork Brazos River,
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tral process of hypandrium thin mesolater-

ally, with small, acute, anterobasally di-

rected preterminal lobe. Ventral process of

epandrium with relatively small posterior

lobe; anterior lobe not projecting.

Type locality.- ^5^, KANSAS: Man-
hattan.

Dictya sinaloae Orth, 1984

Figs. 40, 41

This species is a member ofthe Abnormis

Group and is known only from the type

locality in the state of Sinaloa.

Male.—Wing length 4.1^.3 mm. Pro-

sternum without setae.

Terminalia: Surstylus with dorsal tip an-

gulate, moderately projecting, with bristles

projecting dorsal ventrad. Ventral process

of hypandrium flattened in cross section,

apex truncate, no preterminal lobe. Ventral

process of epandrium with moderate sized

posterior lobe directed posteroventrally; an-

terior lobe smaller, less pronounced, ventral

margin minutely serrated.

Type \0c2A\iy.-MEXICO, SINALOA:
Cortinez, Hwy. 15.

Dictya steyskali Valley,

Figs. 88, 89

1977

This species is known from Ontario east

to Nova Scotia, south to Pennsylvania, west

to Ohio and Michigan.

Male.— Wing length 4.2-4.8 mm. Pro-

sternum with or without setae.

Terminalia: Surstylus with dorsal tip

roundly angulate, slightly produced. Ventral

process of hypandrium with posterior mar-

gin nearly straight, angling forward near tip,

preterminal lobe lacking, apical area di-

rected anteromesially, with conspicuous

flange. Ventral process of epandrium with

posterior lobe moderately large, angled pos-

teroventrally; anterior lobe not raised.

Type \ocziV\iy.- USA, NEW YORK:
Tompkins Co., White Church Marsh,

Ridgeway Rd., 2.6 mi due S Brooktondale.

Dictya stricta SXtyskdX, 1938

Figs. 62, 63

This species is known from Nebraska to

North Carolina, south to Florida, west to

Texas.

Male.— Wing length 4.5-5.1 mm. Pro-

sternum without setae.

Terminalia: Surstylus with dorsal tip not

distinctly angulate, more rounded, only

slightly projecting. Ventral process of hy-

pandrium thin mesolaterally, with long,

acute preterminal lobe. Ventral process of

epandrium with small posterior lobe; an-

terior lobe not apparent.

Type \oc2i\\Xy.-USA, LOUISIANA:
Winn Co., Winnfield.

Dictya texensis Curran, 1932

Figs. 90, 91

This species is known from Idaho east to

New York, south to Georgia, west to south-

em California; also Tamaulipas.

Male.— Wing length 4.2-5.4 mm. Pro-

sternum without setae.

Terminalia: Surstylus with dorsal tip

broadly angulate, only slightly projecting,

extending a considerable distance back from

apex. Ventral process ofhypandrium some-

what curved forward, with at least a narrow,

thin anterior flange, apical area directed an-

teromesially, preterminal lobe lacking. Ven-

tral process of epandrium with moderately

large posterior lobe directed posteroven-

trally; anterior lobe not projecting.

Type locality.- t/^/I, TEXAS: Austin.

Rio Arriba Co., New Mexico. 78, Hypandrium, lateral view, inverted. 79, Hypandrium, anterior view, inverted.

80, 81, Dictya montana. 2 mi S Alpine, San Diego Co., California. 80, Hypandrium, lateral view, inverted. 81,

Hypandrium, anterior view inverted.
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82 83

86 87
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90 91

Figs. 82-93. 82, 83, Dictya umhranim. S. Sundcrbyn, Norrbottcn, Sweden. 82, Hypandrium, lateral view,

inverted. 83, Hypandrium, anterior view, inverted. 84, 85, Dictya hnmleyi, NE 15th St., Gainesville, Florida.

84, Hypandrium, lateral view, inverted. 85, Hypandrium, anterior view, inverted. 86, 87, Dictya adjuncta. 2

mi W Intercession City, Osceola Co., Florida. 86, Hypandrium, lateral view, inverted. 87, Hypandnum, anterior

view, inverted. 88, 89, Dictya steyskali. 8 mi S Richmond, Carlton Co., Ontario. 88, Hypandrium, lateral view.
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Dictya umbrarum (Linnaeus), 1758

Figs. 82, 83

This species is known only from Europe.

It closely resembles D. montana in diag-

nostic characters, both externally and in-

ternally, except it usually has setae on the

prostemum.

Male.— Wing length 3.8^.1 mm. Pro-

sternum with or without setae.

Terminalia: Surstylus with dorsal tip

acutely angulate, moderately to strongly

projecting. Ventral process of hypandrium

relatively small, directed forward, apex

slightly hooked and directed anterolaterally,

no preterminal lobe. Ventral process of

epandrium with moderately small posterior

lobe; anterior lobe not projecting.

Type locality. -EUROPE.

Dictya umbwides Curran, 1932

Figs. 78, 79

This species is known from Alaska east

to Northwest Territories, south to British

Columbia, east to Newfoundland; also

Michigan, Colorado, and New Mexico.

Male.— Wing length 3.9^.7 mm. Pro-

sternum with setae.

Terminalia: Surstylus with dorsal tip an-

gulate, strongly projecting. Ventral process

of hypandrium strongly bent forward. Ven-

tral process ofepandrium with a moderately

small, narrow posterior lobe; anterior lobe

slightly projecting.

Type locality. -C/iyV^Z)/l. ALBERTA:
Banff.

Dictya valleyi Orth, Nkw Species

Figs. 18, 19

Holotype ma\c.— Head: Face white, with

a prominent black, central, ovoid spot; dis-

tinct black parafrontal spot; orbito-antennal

wedge-shaped spot brown. Pedicel matte, at

most slightly subshining on dorsal outer

surface, in lateral profile as high as long;

arista with long, sparse, black hairs.

Thorax: Presutural bristle approximately

y4 as long as notopleurals. Prosternum with-

out setae. Mid femur posteroventrally with

a row of approximately 1 6 stout bristles,

most ofwhich are concentrated in the apical

'/^ and are proportionately shorter and

thicker. Wing length 5.0 mm.
Terminalia: As in Figs. 18, 19. Surstylus

with dorsal tip forming a separate rounded,

well-projecting lobe; proximal anterior pro-

jection relatively short and broad. Ventral

process of hypandrium with posterior lobe

trilobate, posterior lobe much longer and

somewhat hook-shaped. Ventral process of

epandrium with posterior lobe angulate, an-

terior lobe rounded and larger.

Female.— Not recognized.

Holotype. -<3, MEXICO, MICHOA-
CAN: San Lorenzo, Rt. 15, km 206, 14-15

July 1966, Flint and Ortiz. Deposited in

United States National Museum of Natural

History.

Paratype.— Wing length 4.8 mm. MEX-
ICO, MICHOACAN: Patzcuaro Lk. on road

to Erongaricuaro, elev. 1200 m, 17 August

1969, Karl R. Valley (1 $).

Diagnosis. — Positive determination of

this species should be made by examination

of the terminalia. The terminalia cannot be

confused with any other species. It is the

only species with a trilobate ventral process

of the hypandrium.

Etymology.— This species is named in

honor of Dr. Karl Valley, Pennsylvania De-

partment of Agriculture, who has contrib-

uted greatly toward a better understanding

of the biology and taxonomy of Dictya.

inverted. 89, Hypandrium, anterior view, inverted. 90, 91, Dictya texensis. Overton, Hwy. 169, Clark Co.,

Nevada. 90, Hypandrium, lateral view, inverted. 91, Hypandrium, anterior view, inverted. 92, 93, Dictya gaigei.

Tuscola Co., Michigan. 92, Hypandrium, lateral view, inverted. 93, Hypandrium, anterior view, inverted.



688 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

Dictya veracruz Orth,

New Species

Figs. 20, 21

Holotype male.—Head: Face white, with

moderately large, black central ovoid spot;

distinct, black parafrontal spot; orbito-an-

tennal wedge-shaped spot brown. Pedicel

shining on upper outer half or more, in lat-

eral profile longer than high; arista with long,

sparse, black hairs.

Thorax: Presutural bristle approximately

% as long as notopleurals. Prostemum with-

out setae. Mid femur posteroventrally with

a row of approximately 14 stout bristles,

longer medially, shorter and closer together

toward the apex. Wing length 4.8 mm.
Terminalia: As in Figs. 20, 21. Surstylus

with apical dorsal tip rounded, only slightly

projecting. Ventral process of hypandrium
with a broad, flat flange directed anteriad,

apex narrowed forming a small point di-

rected anterolaterad. Ventral process of

epandrium with a large posterior lobe di-

rected ventrally; anterior lobe not apparent.

Female.—Not recognized.

Holotype. -<5, MEXICO, VERACRUZ:
Cascomatopec, 11-7-1957, R. & K. Dreis-

bach. Deposited in United States National

Museum of Natural History.

Diagnosis.—This species is a member of

the Abnormis Group but should not be con-

fused with other members of that group.

The terminalia appear closest to D. mat-

thewsi. However, the broad flange on the

ventral process of the hypandrium readily

separates it from D. matthewsi, which has

no flange.

Etymology.—The species name veracruz

is a noun in apposition. Veracruz is a long,

narrow, central eastern state bordering on
the Gulf of Mexico.

Dictya zacki Orth and Fisher, 1983

Figs. 48, 49

This species is known only from the type

locality in Idaho.

Male.— Wing length 4.85 mm. Proster-

num without setae.

Terminalia: Surstylus with dorsal tip

strongly projecting. Ventral process of hy-

pandrium with broadly rounded apex; pre-

terminal lobe sharply pointed, directed an-

terolaterally. Ventral process of epandrium
with large, rounded posterior lobe, directed

posteroventrally; anterior lobe small, flat-

tened.

Type locality.- 1/^^, IDAHO: Latah Co.,

Laird Park, 4 mi NE of Harvard.
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NEOTROPICAL MICROLEPIDOPTERA XXIV.

DESCRIPTION AND BIOLOGICAL OBSERVATIONS OF
ITHUTOMUS FORMOSUS BUTLER WEBBING LEAVES OF

DRIMYS WINTERI IN CHILE (LEPIDOPTERA: YPONOMEUTIDAE)

Donald R. Davis

Department of Entomology, National Museum of Natural History, Smithsonian Insti-

tution, Washington, D.C. 20560.

Abstract.—JhQ larva, pupa, cocoon, and adult of Ithutomus formosus Butler are de-

scribed and illustrated. The larva webs together the terminal leaves of Drimys winteri J.

R. & G. Forster, thereby creating a nest inside ofwhich it skeletonizes the foliage. A single

generation was observed, with pupation occurring during late summer (February) within

a dark brown, loosely woven cocoon inside the leaf nest. Adults emerge in March. The

immature stages (possibly pupa) of /. fonnosus are parasitized by three species of Ich-

neumonidae, Anaepis varipes (Porter), Campoctonus species, and Diadegma species and

one species of Braconidae, Bracon species.

Key Words: Lepidoptera biology, immature stages, Yponomeutidae, Drimys winteri

Moth larvae were discovered webbing to-

gether the terminal leaves (Figs. 2, 3) ofDri-

mys winteri andina Reiche during early Feb-

ruary within Nahuelbuta National Park,

west of Angol, Chile. Damage was most ev-

ident at some of the highest elevations

(1 200-1 350 m) within the Park, particularly

at Pichinahuel and Piedra del Aquila. The
Drimys common at these localities, as well

as at several other high montane or extreme

southern sites (e.g. Antillanca and Lago Me-
nendez) within the Valdivian forests ofChile

and Argentina, is the dwarf form andina of

D. winteri. At the Nahuelbuta sites, andina

typically occurs in an understory habitat in

a predominantly Araucaria-Nothofagus

antarctica forest (Davis 1986) where it at-

tains a height of ca. 1 to 2 meters. At lower

elevations, the typical form of D. winteri

grows to heights of 1 5 meters or more.

All rearings to date have resulted in March

emergences. The moth, Ithutomusformosus

Butler (Fig. 1), is a distinctly marked species

with pale bluish-green forewings heavily

marked with black. This species is the only

known member of the genus. The larva,

pupa, and adult are described below.

After this paper was accepted for publi-

cation, a report on the biology of Ithutomus

formosus by Beeche et al. (1990) appeared.

The account provided by these authors gen-

erally agrees with that presented herein ex-

cept for the following: (1)1 show a broader

distribution (including Argentina) for I. for-

mosus, with the lowland Drimys winteri chi-

lensis also serving as a host; (2) Beeche et

al. list only one parasite of /. formosus

{Campoctonus species); (3) Beeche et al. re-

fer to the socius as the gnathos in their de-

scription ofthe male genitalia; (4) My larval

preparations clearly show all setae (6 pairs)

present on the labrum (Figs. 10, 13); and (5)

I have followed Moriuti (1977) in recogniz-

ing the Plutellinae as a subfamily ofYpono-
meutidae.

The family placement of Ithutomus fol-
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Figs. 1-3. Ithutomus formosus. 1, Adult female, forewing length 12 mm. 2, Larval nest on Driinys winteri

andina made by webbing terminal leaves together. 3, Detail of larval nest.
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Figs. 4-n . Ithutomusformosus, larval chactolaxy. 4, Lateral view of prothorax, mesothorax, and abdominal

segments 1, 2, 6, 8, and 9. 5, Dorsal view of head (0.5 mm). 6, Lateral view. 7, Dorsal view of A8-10. 8, Ventral

view of head. 9, Mandible (0.3 mm). 10, Labrum, dorsal view. 11, Ventral view showing epipharyngeal setae

(0.3 mm). (Scale lengths in parentheses.)
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lows the classification proposed by Moriuti

(1977), wherein the Yponomeutidae s. lat.

is partitioned into three subfamilies: Plu-

tellinae, Yponomeutinae, and Praydinae.

Most recently, Common (1990) recognized

these groups as distinct families. The affin-

ities o{Ithutomus appear to be with the Plu-

tellinae, particularly as suggested by the

presence of ocelli, four segmented maxillary

palpi, and the absence of abdominal spines

in the adult. The elongated haustellum in

adult Ithutomus and biserial crochet ar-

rangement in the larva are more typical of

Yponomeutinae, however.

Ithutomus Butler

Ithutomus BvlWqv, 1883: 84-Fletcher, 1929:

I19.-Heppner, 1984: 56.

Ithytomus Meyrick, 1914: 20 (emend.).—

Heppner, 1984: 56.

Type-species.— Ithutomus formosus But-

ler, by monotypy.

Adult.—Medium size moths (wingspan

26-31 mm) with short, 4-segmented max-
illary palpi; haustellum long, ca. 2.8 the

length ofelongate labial palpi. Forewing with

all veins present and arising separately. Ab-
dominal terga without spines.

Head (Fig. 34): Vestiture offrons smooth,

with moderately broad, 3-4 dentate scales;

vertex generally rough, with slender, biden-

tate scales arising around antennal bases and

in a prominent occipital tuft. Eye large, in-

terocular index 0.8; eye index 0.86. Ocellus

greatly reduced. Antenna simple, 50-59 seg-

mented, ca. 0.6 the length offorewing; scape

without pecten. Pilifer deeply lobed with

brush ofelongate, piliform scales. Mandible

absent. Maxillary palpus 4-segmented, short,

ca. 0.75 the length of second segment of

labial palpus; length ratio of segments from

base: 0.4:0.5:0.35:1.0. Haustellum naked,

elongate, ca. 2.8 the length of labial palpus.

Labial palpus elongate, slender, smoothly

upcurved to height of vertex; length ratio of

segments from base: 0.23:0.64:1.0.

Thorax: Forewing (Fig. 35) moderately

broad, length ca. 3.2 the greatest width;

pterostigma absent. All veins present and
arising separately; accessory cell present;

base of M faintly divided in cell; A 1 + 2

divided (forming anal loop) at basal fifth.

Male retinaculum a broadly triangular,

curled flap largely from base of Sc. Hind-
wing slightly broader, length ca. 2.5 the

greatest width; Ml and 2 shortly stalked;

female frenulum composed of two setae.

Pectinate epiphysis present, over '/3 the

length of foretibia and arising from distal

%; midtibia with apical pair ofelongate, un-

equal spurs; hindtibia with two pairs of

elongate, unequal spurs, one pair at apex

and one at middle; tarsomeres with nu-

merous, short, spinose setae.

Abdomen: Terga smooth, without spines.

Coremata and corethrogyne absent. Pleural

lobe moderately expanded.

Male genitalia (Figs. 35, 37): Uncus ab-

sent. Socius well developed, a smooth, slen-

der, curved elongate arm terminating in a

slightly enlarged truncate apex. Subscaphi-

um well sclerotized, with a slender, rodlike

base abruptly flared to an elongate, trian-

gular, nearly conelike apex. Vinculum slen-

der, forming a short, moderately broad sac-

cus. Valva simple, a broad, rounded, setose

lobe tapering to smoothly rounded apex,

base of valva extended mesad to form a

gradually tapering transtilla which loosely

articulates with opposite member and base

of subscaphium; broad basal portion of

transtilla with a curved, digitate apophysis

projecting internally; aedoeagus a relatively

simple cylinder, curved slightly beyond

middle, ca. 1 .4 the length of valva; cornuti

absent.

Female genitalia (Fig. 38): Papilla analis

relatively broad. Posterior apophysis elon-

gate, more than twice the length of anterior

apophysis. Ostium bursae enlarged, with

only a slight amount of lateral sclerotiza-

tion. Ductus bursae a slender, membranous
tube ca. equal to posterior apophysis in

length. Ductus seminalis joining corpus
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Figs. 12-17. Ithulomus formosus, larval structure. 12, Anterior view of head (38 mm). 13, Labrum (150

Mm). 14, Maxilla (50 ^im). 15, Apical sensilla of maxillary palpus (12 mhi). 16, Labial palpi and spinneret (60

nm). 17, Lateral view of head (0.38 mm). (Scale lengths in parentheses; bar scale for all photographs = Fig. 12.)
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bursae near juncture with ductus bursae.

Corpus bursae a spherical, membranous sac

without signa.

Ithutomus formosus Butler

Figs. 1^0; Map 1

Ithutomus formosus Butler, 1883: 85.—

Fletcher, 1929: I19.-Heppner 1984: 56.

Ithytomus [sic] formosus Butler.— Meyrick,

1914: 20.

Adult (Fig. 1).— Length of forewing 12-

14 mm. Moth with contrastingly marked
pale bluish-green and black forewings and

pale-gray hindwings. Larva feeds within

webbed leaves ofDrimys winteri in southern

Chile.

Head: Frons mostly pale greenish white

bordered laterally and dorsally with black;

vertex mostly black with a median patch of

pale greenish-white scales projecting for-

ward between antennal bases. Antenna with

scape and pedicel black dorsally, white ven-

trally; flagellomeres mostly with black scal-

ing dorsally, especially over basal third, de-

creasing to black annulation more laterally

over apical %. Maxillary palpus brownish

fuscous to black. Labial palpus with basal

two segments black except for greenish-white

apex of second and all of apical segment.

Thorax: Pronotum and tegula mostly pale

bluish green, with black anterior and pos-

terior margins; mostly white with gray suf-

fusion ventrally. Forewing predominantly

pale bluish green heavily marked with black

as follows: an irregular black streak from

base to lower apex of discal cell, from the

middle of which extends a narrow streak to

hind margin of forewing; a broad terminal

band of black largely across distal sixth of

wing except for variable suffusion of lus-

trous reddish brown over tomal area and
small greenish spot at tomus; costal margin

with 4-6 small black spots. Fringe black ex-

cept for greenish spot midway on termen.

Hindwing lustrous pale gray. Foreleg mostly

shiny black with pale greenish banding on
apex of tibia and on tarsomeres. Midleg

similar in color except banding more white

and also with a median tibial band and
cream spurs. Hindleg entirely cream except

for light irroration of brownish fuscous on
tarsi.

Abdomen: Uniformly pale buff to cream.

Male genitalia: As described for genus and
illustrated (Figs. 36, 37).

Female genitalia: As described for genus

and illustrated (Fig. 38).

Larva (Figs. 4-25).— Length oflargest lar-

va 21.5 mm; maximum diameter 2.8 mm.
Body color in life not noted; white to cream
in alcohol with dark brown pinacula; prono-

tal and anal plates pale yellowish brown.

Head: Maximum width 1.3 mm. Uni-

formly pale yellowish brown except for black

suffusion at anterior comer of frons and
through stemmatal area. AFl and 2 arising

close together from dorsal half of adfrontal

sclerite. P2 arising ca. midway between and
slightly posterior to PI and LI . S2 separated

from stemma 1 a distance equal to diameter

of stemma. S3 directly below and well sep-

arated from S2. Sensilla of antenna and
maxillary palpus as illustrated (Figs. 5, 12-

15). Lai (labrum) laterad to Sa2. Mandible

with 3 large median cusps, 4 small lateral

cusps and 2 small mesal cusps. Spinneret

(Fig. 1 6) relatively short and broad; aperture

broad.

Thorax: Pronotum with Dl ca. equidis-

tant from XDl and D2. All 3 prespiracular

setae (LI -3) on same pinaculum. SV bise-

tose on same pinaculum. Meso- and meta-

thorax with MSD2 minute; L3 on separate

pinaculum from LI -2 and SV unisetose.

Coxal plates well separated (Fig. 19). Pre-

tarsus (Fig. 20) with an elongate pair of dor-

sal and ventral setae, which surpass length

of tarsal claw; the latter with a short, minute

axial spine.

Abdomen: Pinacula darker and more well

defined dorsally than on ventral half Dl
and 2 on separate pinaculum except on

common plate on A9-10. LI and 2 on same

pinaculum separate from L3 on A 1-8. SV
bisetose on Al, trisetose with SV3 on sep-

arate, minute pinaculum on A2. Prolegs

normal with crochets arranged in a biserial
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Figs. 18-23. Ithutomus formosus, larval structure. 18, Detail of stemmatal area (136 Mm). 19, Ventral view

of meso- and metathorax (0.5 mm). 20, Pretarsus of metathorax (60 ^lm). 21, Crochets of A4 (150 Aim). 22,

Lateral view of A8-10 (0.43 mm). 23, Ventral view of A8-10 (0.43 mm). (Scale lengths in parentheses; bar scale

for all photographs = Fig. 18.)
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Figs. 24-29. lihiuonius jormosus, larval and pupal structure. 24, Larva, caudal view of AlO (0.43 mm). 25,

Dorsal view of A8-10 (0.43 mm). 26, Pupa, dorsal view of A6-10 (0.86 mm). 27, Spiracle A6 (60 Mm). 28,

Pupa, dorsal view of AlO (231 mm). 29, ventral view ofAlO (0.27 mm). (Scale lengths in parentheses; bar scale

for all photographs = Fig. 24.)
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Figs. 30-33. Ithutomusformosus, pupal and cocoon structure. 30, Lateral view ofAlO (0.31 mm). 31, Detail

of cocoon structure (0.6 mm). 32, Cocoon on leaf of Z)r/wv5 winteri (15 mm). 33, Cocoons (8.5 and 12 mm).
(Scale lengths or total cocoon lengths in parentheses; bar scale for Figs. 30, 31 = Fig. 30.)

circle (Fig. 21) containing 30-32 hooks in

outer circle and 10-12 in inner. Anal proleg

with crochets in a biserial lateral penellipse

containing 24-27 hooks in outer row and
6-7 in inner. Chaetotaxy of AlO as illus-

trated (Figs. 7, 22-25).

Pupa (Figs. 26-30, 39, 40).— Maximum
length ca. 11 mm; width 1.6 mm. Color

reddish brown (description and illustrations

from pupal exuvia). Vertex smooth, frontal

ridge (cocoon cutter) absent. Antenna and
hindleg extending nearly to A6. Forewing

nearly as long, to middle of A5. Spiracles

of prothorax and A2-7 on raised tubercules

(Figs. 26, 27, 39, 40); spiracle ofAl reduced

and hidden by hindwing. Abdomen smooth,

without dorsal spines. AlO with 4 pairs of

slender, elongate cremastral setae and 1 pair

of lateral setae from caudal apex (Figs. 28-

30); apices of most setae slightly hooked.

Cocoon (Figs. 3 1-33).— Maximum length

15 mm; width 7 mm. Dark brown, com-
posed of loosely woven, brownish silk (Figs.

32, 33) which is cemented together and par-

tially sealed by a dark brown larval secre-

tion. Spindle shaped in dorsal outline, tri-

angular in cross-section, with a median

dorsal crest and flat base which attaches to
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Figs. 34-35. Ithutomus formosus. adult structure. 34, Anterior view of head (1.0 mm). 35, Wing venation
(2 mm). (Scale lengths in parentheses.)
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38 uU

Figs. 36^0. Ithutomus formosus, adult and pupal structure. 36, Male genitalia, ventral view (0.5 mm). 37,
Aedoeagus, lateral view. 38, Female genitalia, ventral view (0.5 mm). 39, Pupa, dorsal view (2.0 mm). 40,
Ventral view. (Scale lengths in parentheses.)
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substrate. Exit opening a slender apical, ver-

tical slit (Fig. 32). Pupa not exserted.

Type.— Lectotype (present designation);

in the British Museum (Natural History).

Type locality.— Valdivia, Chile.

Hosts.— Winteraceae: Drimys winteri an-

dina Reiche and Drimys winteri chilensis

(DC.) A. Gray. In his review of the Amer-

ican Drimys, Smith (1943) Hsts three "va-

rieties" of D. winteri as occurring in conti-

nental South America, ranging from central

Chile (Coquimbo, 30°S) to Cape Horn and

in adjacent Argentina from Neuquen south-

ward. Drimys winteri andina is the smaller

more montane form and D. winteri chilensis

is the widespread more northern, lowland

form. A third variety, punctata (Lam.) DC,
ranges from Chiloe Island southward.

Parasitoids. — Braconidae: Bracon sp.

DRD477.1, 3 specimens e. May 1987 from

cocoons of I. formosus, Parque Nacional Los

Alerzales, Chile. Ichneumonidae: Anaeis

varpes (Porter); DRD 477.1, 1 specimen, e.

5 May 1987 from cocoon of /. formosus,

Parque Nacional Los Alerzales, Chile.

Diadegma sp.; 2 specimens, e. 10 Jan 1988

from cocoon of /. formosus, Alto Treguale-

mu, Nuble Prov., Chile; 1 specimen, e. 6-

9 Feb 1988 from cocoon of I. formosus. Las

Trancas, Valdivia Prov., Chile. Beeche et

al. (1990) also report an ichneumonid,

Campoctonus species, as a pupal parasite,

with another ichneumonid, Mesochorus

prolixus Dasch, associated with Campoc-
tonus as a hyperparasite. It is uncertain if

their reported species is distinct from those

reared by me.

Flight period.— March; univoltine.

Distribution (Map 1).— Currently known
to range widely in the more montane areas

of the Northern Valdivian and Valdivian

forests (Davis 1986) of southern Chile and

Argentina from Curico Province, Chile

south to Osomo Province, Chile and Chu-

but Province, Argentina.

Material examined.—CHILE: Bio Bio

Prov.: Caledonia, east of Mulchen, 700 m:

5 larvae, 20-22 Jan 1988, 1 larva, 19-22

Map 1 . Distribution of Ithutonms formosus in Chile

and Argentina.

Jan 1988, L. Peiia, ex Drimys winteri. Cu-

rico Prov.: El Coigo, 950 m: 4 larvae, 6 Jan

1988, L. Peiia, ex Drimys winteri. Malleco

Prov.: Nahuelbuta National Park: Near Los

Gringos Camp, 1 300 m: 1 5, larva: 6-1 1 Jan

1982, e. 10 Mar 1982, 1 5, 2 9, larva: 6-1

1

Jan 1982, e. 9 Mar 1982, DRD477, D. R.

Davis, ex Drimys winteri andina; Pichina-

huel, 1350 m: 1 <?, larva: 31 Jan 1979, e.

Mar 1979, DRD 433, D. & M. Davis, B.

Akerbergs, ex Drimys winteri andina; 1200

m: 9 larvae, 1 9 Jan 1 988, L. Peiia, ex Drimys

winteri andina. Nuble Prov.: Alto Tregua-

lemu, 500 m: 2 larvae, 10-12 Jan 1988, L.

Pena, ex Drimys winteri. Osomo Prov.: Par-

que Nacional Puyehue, Antillanca: 2 <5, 1 2,



702 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

e. 15 Mar 1988, L. Pena, ex Drimys winteri

andina. Valdivia Prov.: Parque Nacional

Los Alerzales, 700 m, west of La Union: 3

2, e. Mar 1987, 9 <5, e. 6-8 Mar 1987, L.

Pena, ex Drimys winteri. Las Trancas, 500
m, west ofLa Union: 1 larva, 6-9 Feb 1988,

L. Peiia, ex Drimys winteri. All specimens

deposited in USNM. Adults have also been

reared from Drimys winteri andina in Ar-

gentina, Chubut Prov., Lago Menendez,

Brazo Sur, by Patricio and Mario Gentili of

the Instituto Patagonica de Ciencias Natu-

rales.

Biology. — Adults emerge throughout
March. Oviposition and overwintering

stages were not observed. Most likely the

young larva overwinters and continues

feeding in the spring (ca. September) until

mid-February. The terminal four to six

leaves of Drimys winteri are tightly woven
together with silk (Figs. 2, 3) thereby cre-

ating a kind of nest within which a single

larva normally develops. The inner leaves

are first skeletonized and later largely de-

voured. Frass, mostly held by silk webbing,

accumulates inside the nest. Usually by mid-

February the larva reaches maturity and pu-

pates inside a loosely woven, dark brown
cocoon. The walls of the cocoon are hard-

ened by further secretions that assist in ce-

menting the silk together (Fig. 31). Adult

emergence occurs through a narrow, slitlike

opening in the anterior end of the elliptical

cocoon.
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Abstract. —Homalocoris erythrogaster n. sp. is described from Arizona, USA, and a key

to the species is presented. Initial studies suggest that the species of Homalocoris can be

separated into two groups based on scutellar and corium setal morphology.

Key Words: Reduviidae, Hammacerinae, Homalocoris, H. erythrogaster n. sp., key

The neotropical subfamily Hammaceri-

nae (= Microtominae) is characterized by a

unique antenna: the first segment is short

and stout and the second elongate, flexible,

and slender. The second segment is subdi-

vided into 23-28 pseudo- or subsegments

in Hammatocerus and 8-1 8 in Homalocoris

(Fig. 1), the only genera in the subfamily.

The hairy body is flattened, very granulose,

the head has a very short posterior lobe, and

ventral segments 2-5 are broadly depressed

and sulcate medially.

The subfamily includes somber colored

species ornamented with red, orange or gray.

The smallest species in Hammatocerus is

over 13.0 mm, longer than the longest spe-

cies in Homalocoris that is 12.3 mm long.

Because in both genera the male and es-

pecially the remarkable female genitalia are

of a similar type they can not be used to

separate the genera. Hammatocerus in-

cludes 1 2 species that were keyed by Costa

Lima (1935: 321) as Microtomus.

The first couplet in the key published by

Maldonado (1987:253) stated in error "apex

of scutellum 2-pronged" and "apex of scu-

tellum 1 -pronged." SEM studies done by us

demonstrate that all species have a

2-pronged scutellum. In some species the

prongs of the scutellum are closer than the

basal thickness ofa prong and in others they

are apart by more than their basal thickness.

The holotype ofthe new species described

below is deposited in the Department of

Entomological Sciences ofthe University of

California at Berkeley.

Methods and Description

Homalocoris erythrogastern. sp., H. mac-

ulicollis, H. minutus, and H. varius were

studied with an IDS-DS 1 30 scanning elec-

tron microscope at the Electron Microscopy

Laboratory, University of California at

Berkeley. In the description given below

measurements are in mm.

Homalocoris erythrogaster New Species,

Maldonado and Santiago-BIay

Figs. 2-9

Male.— Head blackish; eyes black, anten-

na brown; rostrum reddish brown, last seg-

ment paler. Pronotum: anterior lobe reddish

brown, posterior lobe black, with 1 + 1

elongate orange areas along its length (Fig.

2); pronotum laterally and pleurae blackish.

Scutellum black. Legs: coxae brownish, hind



704 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

Fig. L L Homalocaris maculicollis antenna! pseu-

dosegments, inset 5 x

.

coxa paler; femora reddish brown above,

brownish below; upper surface of first two

pair of legs at about middle third irregularly

brownish, in the hind femur of some para-

types the brownish of the underside extends

dorsally, thus making the segment paler.

First and second tibiae reddish brown, with

two brownish or dark orange-annuli; hind

tibia reddish brown, with a short basal and

apical annulus. Connexival segments above

and below dark orange with apical third

black except on first where the apical half

is black. Hemelytra: basal angle, including

basal half of clavus, orange red or orange

(Fig. 2); from level of apex of scutellum re-

maining part of wing black; small cream-

white spots at apex of clavus and at basal

vein of outer membranal cell and, thus,

wings at rest appear with three small whitish

spots. Thoracic and abdominal sterna or-

ange red. Head above and below and pro-

notum with abundant, moderately large se-

tigerous granules, the setae 4 or 5 times

longer than the small conical granule, semi-

vertical; pilosity on connexival margin al-

most horizontal, on abdominal sterna at

about 30°, on clavus and corium decumbent.

Pilosity black, on scutellum creamy-white.

Head: Length 1.7 to apex of neck, neck

0.2, width across eyes 2.0, interocular space

0.9, interocular sulcus at mid-length ofeyes;

jugae slightly extending beyond apex of ty-

lus; from interocular sulcus to apex of ju-

gum 1.2, from interocular sulcus to base of

head 0.75. Eyes hemispherical, relatively

small, not reaching undersurface of head,

height 0.8. Length of antennal segments: I,

0.62; II, 3.9-4.0; III, 1.5; IV, 1.2; II segment

with nine pseudosegments; first three seg-

ments with moderately abundant long pi-

losity, IV with 2 or 3 setae. Rostrum: I, 2.0;

II, 1 .6 (ventral length); III, 1 .3; reaching sul-

cus of xyphus, upcurved; second segment

slightly swollen on apical %, trapezoidal on

lateral aspect; III glabrous. Pronotum: col-

lar very short, partially hidden by pilosity,

polished, width 1 .2, length 0. 1 ; anterior lobe:

greatest width 1.8, length 1.1, setigerous

spines arranged in concentric semicircles;

posterior lobe densely covered with setig-

erous granules; posterior margin roundly

convex to before humeral angles (Fig. 2);

humeral angles round, slightly produced

caudad. Scutellum: granulose, wider than

long (1.7:1.1), apex two-pronged, prongs

straight, apart at slightly more than their

basal thickness (Fig. 8); lateral margins car-

inate. Legs: segments straight; fore femora

the thickest (0.8), second femora slightly

swollen (0.7); third narrow basally, cylin-

drical; first and second ventrally, especially

toward base, densely covered with sensory

setae in addition to the less abundant setig-

erous granules. Femora anteriorly and pos-

teriorly with a preapical short ventral series

of blunt teeth, these increasing in size to-

ward apex (Fig. 3). Anterior and middle tib-

iae with a small spongy fossa on the surface

of truncate apex, fossa slightly surpassing

apex ofsegment. Length ofsegments.— Fore

leg: coxa 0.6, trochanter ventrally 0.7, fe-

mur 2.9, tibia 2.6, tarsus 0.8, segments sub-

equal in length; middle leg: coxa 0.8, tro-

chanter 0.7, femur 2.7, tibia 2.7, tarsus 1 .0;

hind leg: coxa 0.7, trochanter 0.8, femur 4.2,

tibia 3.6, tarsus 1.3, third segment the lon-

gest (0.55). Claws simple. Fore wings reach-

ing apex ofabdomen, connexivum exposed,

setae of setigerous granules along veins of
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Figs. 2-7. Homalocoris erythrogaster, male. 2, pronotum and basal half of hemelytra (dorsal view). 3,

armature of profemur (lateral view). 4, genital capsule (dorsal view). 5, same (lateral view). 6, same (caudal

view). 7, female genitalia (dorsal view).

corium barbed (Fig. 9). Sterna transversely

corrugate, maximum width ofabdomen 4.5-

4.7. External genitalia as in Figs. 4-6. Length

12.0 mm, average length 12.05 mm, range

11.9-12.2 mm.

Female.— Coloration as in male. Anterior

lobe of pronotum reddish brown, abdomi-

nal sterna vary from orange red to brownish

red. Head: length 1 .4, width across eyes 2. 1

,

interocular space 1 .0, from interocular sul-
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15KU 81 12oN 4803 10KU 418X 23. 9H 4796
.1^-yj^m

Figs. 8-1 1 . Figs. 8-9. Homalocoris erythrogaster, female. 8, apex of scutellum. 9, barbed setigerous granules

on R. Figs. 10-1 1. Homalocoris minutus, male. 10, apex of scutellum. 1 1, barbed setigerous granules on R.

cus to apex ofjugum 1.1, from interocular

sulcus to base ofhead 0.9. Pronotum: length

of anterior lobe 1.2, greatest width of an-

terior lobe 2.0, length of posterior lobe 1.8,

greatest width of posterior lobe 3.5. Hemel-

ytra reaching to about basal fourth ofgenital

segment. Abdominal sterna not corrugate;

greatest width ofabdomen 3.4. Genitalia as

in Fig. 7. Average length 13.4 mm, range

12.9 to 13.6 mm.
Holotype.— Male, SW Research Station,

Chiruchua Mts., Arizona, VIII. 1.58, ex Fi-

nns chihuahuana, E. G. Lindsley collector.

University of California, Berkeley, Depart-

ment of Entomological Sciences, on indef-

inite loan to the California Academy of Sci-

ence, Department of Entomology, San

Francisco, CA. Paratypes: nine with same

data as for holotype, two in JMC collection,

others at UCB; one paratype labeled SW
Res. Sta., 5 mi W Portal, Cochise Co., Ariz.,

VII. 15.59, E. G. Lindsley collector.

Homalocoris erythrogaster can be sepa-

rated from its congeners by the characters

in the key. The elongate reddish spots on

the posterior lobe of the pronotum are dis-

tinctive.

Discussion

SEM studies confirmed Maldonado's

(1987) observation that in a particular spe-

cies one of two kinds of setigerous granules

occur along the veins of corium: "barbed"

(Figs. 9, 11) or "smooth" setae (Figs. 13,
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4. Corium flavus or grayish, with black discal

area 5

- Corium black, with stramineous or grayish ar-

eas 6

5. Pronotum with 1 + 1 stramineous oval vittae

on posterior lobe only; black vitta on corium

subquadrate; robust, over 14 mm
H. binotatus Champion

- Pronotum with 1 + 1 stramineous elongate

vittae extended into both lobes; black vitta on

corium oblong; somewhat delicate, under 12

mm H. maculicollis StSl

6. Posterior lobe of pronotum with 1 + 1 small

stramineous spots contiguous to anterior mar-

gin, laterad of short carina; first and second

* We do not have male specimens of these two spe-

cies. They could be "forms" ofone species even though

they can be separated by the characters in the key. They

share an identical pattern of small grayish or stramin-

eous spots on the fore wings as follows: one each at

basal angles, one each at apex of clavi, one where the

wing margins overlap, and one each about middle of

basal margin of membrane. Both species occur in Mex-

ico.

femora above with four white granulations .

.

H. giittatus (Walker)*

- Posterior lobe of pronotum with 1 + 1 an-

terolateral larger reddish spots that extend as

a P-shaped margin along anterior lobe; first and

second femora with poorly developed or with-

out such granulations H. minutus Mayr*
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lare Casey and L. puncticeps Casey, and Listemus acuminatus (Mannerheim) is the senior
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Continuing studies by me on the Byrrhi-

dae have led to the discovery ofundescribed

species o^ Lioon Casey and Listemus Casey

from northern Idaho and northeastern

Washington states, U.S.A. Additionally,

several synonymies are updated and four

lectotypes are designated. Thus, this report

is intended to briefly review the species of

Lioon and Listemus, and to describe one

new species in each genus.

Genus Lioon Casey 1912

Type species: Amphicyrta simplicipes

Mannerheim 1852: 342, here designated.

Lioon was established by Casey ( 1 9 1 2) to

include Amphicyrta simplicipes Manner-
heim (1852), Simplocaria inflata LeConte

(1868), and his own species L. speculare

(Casey 1912) and L. puncticeps (Casey 1912).

Curiously, Casey failed to note a type spe-

cies for Lioon even though he did so for

other genera newly described in the same
article. Types or type series have been ex-

amined for all described taxa except A. sim-

plicipes, for which the type could not be

located (H. Silfverberg, in litt.).

Casey's (1912) original description of

Lioon is detailed, but critical characters for

an adequate contemporary comparison with

other genera were not included. Thus, with

the discovery of a new species attributable

to this genus the following generic rede-

scription is presented:

Form small, length 2.5-4.2 mm, ovoid-

globose, highly convex dorsally; shallowly

to deeply depressed at pronotal-elytral junc-

ture; integument shining, piceous with

olivaceous reflections to subviridescent,

venter without viridescent reflections; ev-

anescently microreticulate; shallowly punc-

tate, each puncture bearing a single pale seta.

Head not reposable, mouthparts always

visible. Eye ovoid, narrowing anteriorly,

facets individually convex. Antenna 1 1 -seg-

mented, clavate; segment 1 short, fusiform;

segment 2 short, narrowing distally; seg-

ment 3 long, slender, cylindrical; segments

4-5 short, cylindrical; segments 6-1 1 pro-



710 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

gressively widening and compressed. Fron-

toclypeal margin carinate; clypeus obsoles-

cent, shortest medially, lateral angles

minutely triangular; anteclypeal region co-

riaceous. Labrum quadrate, emarginate an-

teriorly. Mandibles asymmetrical in molar
region, rightside mandible shallowly exca-

vated and with a stout premolar tooth, left-

side mandible deeply excavated but without

premolar tooth; ectal surface evenly round-

ed laterally with a broad flange extending

dorsally; dorsum flattened with a short an-

terior tubercle; carinate on ventral margin.

Maxillary palpus 4-segmented, ultimate

segment pyriform, attenuate; lacinia and ga-

lea lobate, densely setose apically; lacinia

reduced, 0.5 x length ofgalea. Labium light-

ly sclerotized, ligula membranous, shallow-

ly emarginate and densely setose anteriorly;

palpus 2-segmented, ultimate segment pyr-

iform. Posterior tentorial pits shallow.

Pronotum trapezoidal, narrowing ante-

riorly, strongly convex, anterior angles not

visible from dorsal aspect; posterior margin

with 4-8 peg-like crenulae set slightly below
margin of dorsal surface; hypopleura tri-

angular, broad and shallowly concave pos-

teriorly; prostemal sutures deeply sulcate.

Prostemum with disc T-shaped, transverse

arms broad; median process broadly round-

ed apically. Mesostemum obsolete laterally,

deeply excavate medially for reception of

prostemal process. Scutellum small, trian-

gular, acuminate posteriorly. Elytra con-

nate, without ventral preapical flange; epi-

pleura broad basally, narrowing apically and
terminating shortly before apex. Metano-
tum apterous; axillary sclerites obsolete.

Metastemum quadrate, 3.5 x wider than

long, anterior intercoxal process wide; met-

endostemite obsolete; metepistemum and
metepimeron obsolete. Legs not retractile;

procoxae and mesocoxae globular; meta-

coxae narrow, transverse; trochanters short,

triangular; femora fusiform; tibiae slender,

apex briefly excavate to receive tarsomere

1; tarsi 5-segmented, filiform, simple; pre-

tarsus with simple paired claws, each with

2 empodial setae.

Abdomen slightly longer than broad, pro-

portionately shorter and broader in male;

sutures linear, suture 1 obsolescent, ster-

nites 1 and 2 connate; intercoxal process of

stemite 1 broad, width greater than length

of a metacoxa; visible stemite 5 broadly

rounded apically. Aedeagus trilobed, me-
dian lobe with apex subangular, lateral lobes

elongate, basal piece incompletely sclero-

tized, dorsal sclerotization reduced with disc

membranous. Female gonocoxite lobate,

compressed, moderately setose; stylus short

and cylindrical to conical, with 2 long apical

setae.

Lioon simplicipes (Mannerheim)

Amphicyrta simplicipes Mannerheim 1852:

342; LeConte 1854: 1 16; Hamilton 1894:

27; Dalla Torre 1911: 18. Type: not seen,

apparently lost (Silfverberg, in litt.). Orig-

inal repository: Zoological Museum, Hel-

sinki. Type locality: "insula Sitkha,"

Alaska.

Simplocaria inflata LeConte 1868: 62; syn-

onymy by Henshaw 1882: 230; Dalla

Torre 1911: 13; Leng 1920: 193. Holo-

type: sex not confirmed, probably female.

Labelling: "Cala.; Type 8150; S. simpli-

cipes (Mann.), inflata LEC." Repository:

Museum of Comparative Zoology, Cam-
bridge. Type locality: California.

Lioon simplicipes (Mannerheim), of Casey

1912: 69; Leng 1920: 193; Hatch 1961:

301.

Lioon injlatum (LeConte), of Casey 1912:

69.

Lioon speculare Casey 1912: 68; Leng 1 920:

193; Hatch 1961: 302. New Synonym.
Lectotype here designated: sex not con-

firmed, probably female. Labelling:

"Metlakatla, B. Col., Keen; Casey be-

quest 1925; Type USNM 48388; specu-

lare Csy." Respository: U.S. National

Museum of Natural History. Type lo-
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Figs. 1-2. Aedeagi of Lioon spp., dorsal aspect; Fig. 1, L. simplicipes (Mann.), right paramere detached to

show variation; Fig. 2, L. nezperce, n. sp.

cality: Metlakatla, British Columbia.

Paralectotype with same data.

Lioon puncticeps Casey 1912:69; Leng 1 920:

193; Hatch 1961: 302. New Synonym.

Lectotype here designated: sex not con-

firmed, probably female. Labelling: "Cal;

Casey bequest 1925; Type USNM 48389;

puncticeps Csy." Repository: U.S. Na-
tional Museum of Natural History. Type
locality: Areata, Humboldt Co., Califor-

nia. Three paralectotypes with same data.

Mannerheim ( 1852) evidently had at least

two specimens before him at the time of

description; the locations or existence of

these specimens are at present unknown
(Silfverberg, in litt.). The type locality was

originally given as "insula Sitkha." This lo-

cality is presumed to be what is now Baranof

Island in the Alexander Archipelago, on

which is sited the previous settlement and

now town of Sitka, Alaska.

LeConte (1868) stated that Simplocaria
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inflata "... is easily known by its very in-

flated form, resembling in outline Amphi-
cyrta simplicipes,"' and briefly noted some
characters of punctation and form. Later,

apparently through advice to Henshaw
(1882), LeConte provided the synonymy of

5. inflata andA. simplicipes. Although Dalla

Torre (1911) listed these species separately

as S. inflata and A. simplicipes, they were

reassociated generically by Casey (1912).

Casey recognized S. inflata, but without dis-

cussion, and included both species in his

new genus Lioon.

Both LeConte and Casey based their rec-

ognition of these taxa on traits of coloration

and punctation which can be observed to

vary considerably within any series of spec-

imens. All specimens in the type series of

L. speculare are teneral; thus the pallid col-

oration that primarily defines this species

in Casey's key is not valid for species rec-

ognition. Genitalic characteristics of spec-

imens fitting the descriptions and tentative-

ly attributable to any of the synonyms are

not significantly different between popula-

tion samples.

Lioon nezperce, New Species

Characters as for the genus, except: length

2.5-3.5 mm, width 1.8-2.4 mm, subglo-

bose, oval in dorsal aspect, highly convex

in lateral aspect, pronotal-elytral juncture

shallowly depressed; piceous with oliva-

ceous reflection, shining, without metallic

sheen, piceous ventrally, appendages rufo-

piceous; punctures small, shallow, equidis-

tant, setigerous. Pubescence pallid, short to

moderately long.

Head with punctures moderately sparse,

separated by greater than own diameter; an-

terior margin offrons narrowly carinate; an-

tenna with segment 3 one-third length of

segment 2; labrum transverse, short, shal-

lowly emarginate.

Pronotum with lateral margins finely car-

inate, shallowly reflexed; posterior margin

bearing 4 tuberculate crenulae each side of

median line. Scutellum slightly longer than

wide, smooth, impunctate, asetose. Elytra

with lateral margins carinate, shallowly re-

flexed.

Aedeagus (Fig. 2) with median lobe flat-

tened, truncate, and laterally expanded at

apex; lateral lobes with apices narrowly

rounded; basal piece contorted. Female

gonocoxites short, broad, lightly sclero-

tized; styli short, cone-shaped.

This species is known only from the state

of Idaho, U.S.A., in the counties of Clear-

water, Latah, and Shoshone.

The specific epithet is presented as a noun
in apposition, and is in recognition of the

Nez Perce, an aboriginal American tribe in-

habiting the region in which specimens were

collected.

Holotype deposited on permanent loan to

the California Academy of Science, San

Francisco, through the University of Idaho,

Moscow, and bearing the labelling:

ID[AHO], Clearwater Co., Aquarius, 1700

ft., T40N R7E s5 NW'A, 5 April 1986; P.

J. Johnson collector; in epixylic mosses;

Holotype: Lioon nezperce Johnson 1990.

Additionally, 4 paratypes bearing the same
data will be donated to the California Acad-

emy ofSciences. Seventeen additional para-

types bearing the same data will be distrib-

uted among the W. F. Barr Entomology

Museum, University of Idaho; U.S. Na-
tional Museum of Natural History, Wash-
ington, D.C.; The Natural History Museum,
London; and my personal collection.

Additional material examined with the

following collecting data: IDAHO, Clear-

water Co., Isabella Creek, 31.X.1984 (4),

5. V. 1985 (26), 14. VI. 1985, P. J. Johnson;

Beaver Creek, 23.X. 1 984, P. J. Johnson (3);

Idaho Co., 1 mi. E Slate Creek, 28.1V. 1 983,

F. W. Merickel (2), 10.IX.1984, P. J. John-

son (8), 1. VII. 1984, A. Allen (35); 20 mi.

ESE Lowell, Meadow Creek, 17.V.1983, F.

W. Merickel (3), 1. IX. 1984, P. J. Johnson

(5); DeVoto Memorial Cedar Grove,

1.X.1982, F. W. Merickel (1); Grangeville,

27.V.1985, A. Allen (14); 7 mi. NE Lowefl,

27.IV.1985, P. J. Johnson (17); Latah Co.,
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7.2 mi. N Harvard, 1 1. XI. 1984, P. J. John-

son (1). Specimens from these additional

locations are currently located in collections

of the W. F. Barr Entomological Collection,

University of Idaho; A. Allen, Boise; or my
own.

Key to Lioon Species

1. Larger, 3.2^.2 mm; aedeagus as in Fig. 1; dis-

tribution as in Fig. 5 L. simplicipes

- Smaller, 2.5-3.5 mm; aedeagus as in Fig. 2;

known only from north-central Idaho

L. nezperce

Determination of Lioon species is diffi-

cult without reliance upon aedeagal mor-

phology (Figs. 1, 2) and distribution (Fig.

5). Lioon simplicipes is found only in mesic

conifer forests west of the Cascade Range
in Oregon and Washington, and coastal for-

ests ofthe Coast Range mountains in north-

ern California, British Columbia, and
southeastern Alaska. Contrarily, L. nezperce

is only known from mesic conifer forests in

north-central Idaho. Its distribution east of

the Cascade Range is quite disjunct from

that of L. simplicipes due to habitat sepa-

ration by the arid intervening regions.

Genus Listemus Casey 1912

Type species: Listemusformosus Casey 1912:

6, by original designation.

Listemus was established by Casey (1912)

to include Morychus acuminatus Manner-
heim (1852), and his own new species L.

satelles and L. formosus. Type specimens

have been examined for both Casey species,

but Mannerheim's type could not be located

(Silfverberg, in litt.); however, an apparent

cotype in the LeConte collection was ex-

amined.

Casey's description of Listemus is inad-

equate for proper comparison with other

byrrhid genera, thus with the discovery of

a new species the following redescription is

presented:

Form small, length 3.3^.4 mm, mod-
erately convex dorsally, ovoid to elongate-

oval in dorsal aspect; pronotal-elytral junc-

ture evenly contoured, not depressed.

Dorsal integument piceous, shining, usually

with aeneous and viridescent vittate reflec-

tions on elytra. Pubescence moderately long,

cinereous with rufous to rufotestaceous

patches. Punctation moderate to coarse,

sparse to dense, often with rugose areas on
elytra especially in the humeral region. Ven-
tral integument rufous to piceous, shining;

coarsely, moderately to densely punctate.

Head partially retractile, mandibles vis-

ible when head reposed. Eye oval, moder-
ately convex, shallowly emarginate dorso-

anteriorly; facets confluent. Antennae
1 1 -segmented, clavate; segment 1 asym-
metrically swollen; segment 2 transverse,

0.35 X length of segment 1; segment 3 sub-

cylindrical, slightly expanded distally, 2x
length ofsegment 2; segments 3 and 4 short,

cylindrical, progressively widening distally.

Fronto-clypeal margin rounded; clypeus

obsolescent, narrow medially, triangular

laterally; densely, coarsely punctate. La-

brum quadrate; densely, coarsely punctate;

shallowly emarginate on anterior margin.

Mandibles tridentate at apex, asymmetrical

proximally; with setose prostheca; rightside

mandible with venter sloping to sharp, lin-

ear incisor blade, premolar tooth small,

blunt; mola shallowly concave; leftside

mandible concave ventrally, incisor blade

broadly emarginate; premolar tooth dis-

tinct, blunt; mola with oval, shallowly de-

pressed grinding surface. Labium moder-
ately to darkly sclerotized; palpus

4-segmented, ultimate segment narrowly

pyriform; galea and lacinia broadly lobate,

densely setose apically; submentum rect-

angular, 2 X wider than long, coarsely punc-

tate, laterally with deep sutural pits; men-
tum transverse, 3 x wider than long,

moderately punctate; prementum trapezoi-

dal, narrowing distally, sparsely punctate;

palpus 3-segmented, ultimate segment
broadly pyriform; ligula bilobate, densely

setose distally.

Thorax with pronotum transversely trap-

ezoidal, moderately convex; hypopleura
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Figs. 3-4. Aedeagi oiListemus spp., ventral aspect; Fig. 3, L. kootenai. n. sp.; Fig. 4, L. acuminatus (Mann.).

broad and shallowly concave posteriorly,

narrowing anteriorly; prosternal sutures

closed. Prostemum T-shaped, lateral arms

narrow, medial process wide, broadly

rounded apically. Mesostemum obsolete

laterally, deeply excavated medially for re-

ception of prosternal process; coxae round-

ed. Metastemum transverse, 2.5 x wider

than long; anterolaterally excavated as cru-

ral depressions for mesolegs; coxae nearly

approximate, broad medially, sinuate at

midlength, gradually narrowing laterally;

excavate posteriorly for reception of fem-

ora; posterior intercoxal process narrow.

Scutellum small, narrowly triangular; elytra

not connate; ventral flange subapical. Meta-

notum micropterous, wings scale-like,

<0.5 X length of metanotum; axillary scler-

ites obsolescent. Legs retractile into sternal

fossae; procoxa globular; mesocoxa conical.
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slightly transverse; metacoxa transverse to

metepistemum, narrow laterally; trochanter

narrow, elongate triangular; femora wide,

compressed fusiform, ventrally flattened to

receive tibiae; tibiae dorsally expanded, ca-

riniform, set with comb-like arrangment of

short spines; tarsi 5-segmented, segments 1-

4 progressively shorter and segment 5 sub-

equal in length to 2-^ together, segments 1

and 2 densely pubescent ventrally, segment

3 with fleshy ventral lobe; pretarsus with a

pair of simple claws and 2 empodial setae.

Abdomen with stemites coarsely, mod-
erately-densely punctate; stemite 1 broadly

excavated to receive metalegs; stemites 2-

4 subequal, sutures shallowly arcuate; ster-

nite 5 broadly rounded to subtruncate api-

cally, 2 X length of stemite 4, medio-api-

cally depressed. Male with aedeagus simple,

trilobed, ostium ventral and at midlength

of median lobe. Female with gonocoxites

compressed, broadly arcuate laterally,

densely setose; styli short, peglike, apically

setose, moderately sclerotized.

Listemus acuminatus (Mannerheim)

Morychus acuminatus Mannerheim 1852:

341.

Lectotype here designated: sex unknown
[abdomen missing]. Labelling: "84.; 106;

P. acuminatus IMannerh., Sitkha; Type
2294." Repository: Museum of Compar-
ative Zoology, Cambridge. Type locality:

"insula Sitkha," Alaska.

Pedilophorus acuminatus (Mannerheim), of

LeConte 1857: 30 (not 1854: 115); Ham-
ilton 1894: 27; Wickham 1903: 181; Dal-

la Torre 1911: 16.

Listemus acuminatus (Mannerheim), of

Casey 1912: 12; Leng 1920: 191; Hatch

1961: 296.

Listemus formosus Casey 1912: 12; Leng

1920: 191; Hatch 1961: 296. New
Synonym.
Lectotype here designated: male. Label-

ling: "Cal; Casey bequest 1925; Type
USNM 48325; formosus Csy." Reposi-

tory: U.S. National Museum of Natural

History. Type locality: Areata, Hum-
boldt Co., California.

Listemus satelles Casey 1912: 13; Leng 1 920:

191. New Synonym.
Holotype: sex not confirmed. Labelling:

"Cal; Casey bequest 1925; Type USNM
48326; satelles Csy." Repository: U.S.

National Museum of Natural History.

Type locality: Hoopa Valley, Humboldt
Co., Califomia.

Mannerheim's type cannot be located, and

may be lost (H. Silfverberg, in litt.) The spe-

cies was evidently described from at least

two specimens collected by Frankenhaeuser

and Pippingskold on "insula Sitkha" (Man-

nerheim 1852). A specimen bearing Man-
nerheim's style of label and handwriting has

been examined from the LeConte collec-

tion, and may be treated as a cotype as it is

known that LeConte had received dupli-

cates from Mannerheim ofNorth American

species (Darlington 1961). Based on the in-

definite status of Mannerheim's retained

specimen(s) and the label notation "!" in-

dicating that Mannerheim had examined

this specimen, the LeConte specimen is here

designated the lectotype of Morychus acu-

minatus Mannerheim and has been so iden-

tified with my label.

The type specimens of L. satelles and L.

formosus are nearly indistinguishable con-

specific forms. Casey (1912) separated these

putative species on highly variable sculp-

tural, coloration and pubescence character-

istics. Variations in these latter two species

and L. acuminatus overlap considerably.

Specimens attributable to either L. acu-

minatus, L. satelles, or L. formosus have

been examined from throughout the known
range of Listemus. Specimens expressing a

pattem of relatively denser and coarser

punctation and pubescence occur at more

coastal sites in Califomia and Oregon, with

specimens expressing sparser and finer

punctation and pubescence occurring more

northward and along the west side of the

Cascade Range. In addition, the apices of
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Fig. 5. Generalized distribution of Lioon spp. in

western United States and Canada. Lioon simplicipes

is coastal and open; L. nezperce is inland and cross-

hatched.

Fig. 6. Generalized distribution of Listemus spp.

in western United States and Canada. Listemus acu-

minatus is coastal and open; L. kootenai is inland and

crosshatched.

the parameres are slightly more elongate in

males from northern British Columbia and

adjacent Alaska. This morphological trend

appears to coincide with a trend of coarser

rugosity of humeral areas and with the re-

mainder of the elytra being sparsely and

finely punctate. In addition, the lateral mar-

gins of the parameres vary in depth of mid-

length sinuosity, from nearly linear to con-

cave, but no geographically related trends

are apparent. A coloration trend is also ap-

parent with more northerly and Cascadian

specimens tending to be evenly aeneous and
more coastal specimens often possessing

distinct viridescent vittae.

There are no marked or regular separa-

tions ofany variations to warrant taxonom-
ic separation, and in fact large population

samples will frequently contain most pos-

sible variations. Interestingly, neither the

types nor other specimens in the Casey col-

lection show any indication that he was
aware of this degree of variation.

Listemus kootenai^ New Species

Characters of the genus, except: length

4.0-4.4 mm, width 2.3-2.5 mm; pronotal

and head punctures large, coarse; elytral

punctation coarse, evenly distributed, not

condensed to form rugose patches and

smooth, impunctate areas, piceous with even

aeneous reflections, without alternating ev-

anescent rufous and viridescent vittae; pu-

bescence silvery-grey throughout, not form-

ing patches or vittae. Aedeagus with median

lobe apex evenly rounded; lateral lobes slen-

der, apices distinct and attenuate (Fig. 5).

This species is known only from northern

Idaho State, Kootenai and Boundary coun-

ties, and extreme northeastern Washington

State, Pend Oreille and Spokane counties.

The species epithet is a regional place-

name treated as a noun in apposition, and

refers to the Kootenai Native American tribe

which once inhabited the general region in-

volving northern Idaho, northeastern
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Washington, northwestern Montana, and

southeastern British Columbia.

Holotype deposited on permanent loan to

the California Academy of Sciences, San

Francisco, through the University of Idaho,

Moscow, and with the labelling: IDAHO,
Kootenai County, Farragut State Park, 7

May 1985, C. L. Campbell; Holotype Lis-

temus kootenai Johnson 1 990. Three para-

types with same labelling as holotype, and

an additional 7 paratypes with the following

locality labellings: IDAHO, Kootenai

County, 4 mi. W Athol, 9.VI.1971, W. F.

Ban- (1); Hannah Cedar Hat, 5.8 mi. S

Nordman, 7.VI.1986, P. J. Johnson (1);

WASHINGTON, Pend Oreille County, 1

km N Sullivan Lake, 1 7.VI. 1 98 1 , R. E. Nel-

son (2); Spokane County, Mt. Spokane State

Park, near Bald Knob campground, 5200

ft., 1 0.VI. 1 986, W. J. Turner (2), Bald Knob,

5500 ft., 3.VI.1986, J. B. Johnson (1). Para-

types are located in the collections of the

University ofIdaho, Washington State Uni-

versity, R. E. Nelson, and my personal col-

lection.

Key to Listemus Species

1 . Dorsal punctation fine to moderate, frequently

condensed into rugulose patches on elytra; col-

oration bright aeneous, usually with distinct

viridescent vittae on elytra; aedeagus as in Fig.

3; distribution as in Fig. 6 L. acuminatus

- Dorsal punctation coarse, evenly distributed;

coloration evanescent aeneous, without viri-

descent vittae; aedeagus as in Fig. 4; known
only from northern Idaho and adjacent Wash-
ington L. kootenai

Listemus kootenai differs from L. acu-

minatus by the coarser punctation of the

pronotum and elytra, the lack of aeneous

and viridescent vittae, and shape of the par-

amere apices (Figs. 5, 6). The allopatric dis-

tribution will separate these species as well.

Listemus kootenai is known only from me-
sic conifer forests in extreme northeastern

Washington State and northern Idaho State.

Contrarily, Listemus acuminatus is found

in mesic conifer forests from northwestern

California, through Oregon, Washington,

British Columbia, to southeastern Alaska,

eastward only to the western slopes of the

Cascade Range.
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Abstract.— T\\t genus Ceratogramma De Santis is reviewed. The group is known from

Central and South America, and the West Indies. Six species are recognized including

four described as new. The new species are C masneri Pinto and Viggiani, C magnificum

Pinto and Viggiani, C. robustum Pinto, and C brasiliense Viggiani. Antennal and genitalic

characters distinguish Ceratogramma from other trichogrammatid genera. A key to species

and a discussion of species relationships are included.
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Ceratogramma was described by De San-

tis (1957) for C schachovskoyi from Argen-

tina. The genus was known only by the male

holotype of this species for over 30 years.

A second species, C etiennei, a parasite of

the eggs of Diaprepes abbreviatus L. (Col.:

Curculionidae) on the West Indian island

of Guadeloupe, was recently added by Del-

vare (1988). Recent collections from Cen-

tral and South America have revealed four

additional species o{ Ceratogramma. These

are described below. A key to the known
species and a discussion of their relation-

ships are included.

Terminology employed in this paper fol-

lows Doutt and Viggiani (1968) for wing

venation and vein tracks, Viggiani (1971)

for male genitaha, and Scudder (1961) for

ovipositor structure. Specimens examined
currently are deposited in the following in-

stitutions: British Museum of Natural His-

tory, London (BMNH); Canadian National

Collection, Ottawa (CNC); Museum ofNat-

ural History, Paris (MNHP); National Bio-

diversity Institute, Costa Rica (INB); Na-
tional University of La Plata, Argentina

(UNLP); University of California, River-

side (UCR); University of Naples, Portici

(UNP); and the United States National Mu-
seum, Washington, D.C. (USNM).

Ceratogramma De Santis

Ceratogramma De Santis, 1957: 1 1. Doutt

& Viggiani, 1968: 484, 524. Viggiani,

1971: 213. [Type species: Ceratogramma
schachovskoyi De Santis (1957), by orig-

inal designation.]

Characteristics.— Ranging from 0.5-1.4

mm in length. Antenna (Figs. 5-10) with

three anelli (A), two distinctly separated fu-

nicle (F) segments, and a three-segmented

club (C); a small fourth club segment in

males present or not. Mandible strongly tri-

dentate. Maxillary palp two segmented, with

an elongate sensory appendix at apex of seg-

ment II. Fore wing (Figs. 11-16) with disk

densely setate, distinct setal tracks absent or

reduced in number; subcostal vein bearing

two setae; marginal vein distinctly differ-

entiated from premarginal and, usually,

from stigmal vein; premarginal vein en-

larged at base; stigmal vein relatively elon-

gate, moderately constricted at base; a short
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postmarginal vein present or not; radial

process at base of premarginal vein devel-

oped or not. Hind wing (Fig. 1 7) with two

anterior setal tracks extending from apex of

venation to apex of wing. Mesoscutum and

scutellum (Figs. 1 , 2) each with two pair of

setae; axillae exceeding base of scutellum,

with one seta. Male genitaha (Figs. 18, 19)

with gonostyli, volsellae and intervolsellar

process present, the latter extremely well de-

veloped, attaining or extending beyond the

gonostyli and volsellae; aedeagus not fused

to genital capsule.

Relationships.— C^raro^ramma is placed

in the Trichogrammatini by Viggiani (1971)

based on male genitalia. The genus is most

similar phenetically to the European Sze-

lenyia (see Doutt and Viggiani 1968). The
maxillary palpi are two segmented in both,

and basic antennal and wing structure is

similar also. Specifics of wing venation and

shape, antennal segmentation, and male

genitalia distinguish the two. In Szelenyia

the wing is broadly oblate distally and the

short marginal vein is more abruptly delim-

ited from both the premarginal and stigmal

veins. In Ceratogramma the fore wing is

narrower and the transition from the mar-

ginal to the stigmal and premarginal veins

is more gradual. The anellus is only two

segmented in Szelenyia as in other Tricho-

grammatidae. Genitalic structure is similar

in both but Szelenyia lacks the intervosellar

process (Viggiani 1984), a prominent fea-

ture in Ceratogramma. Ceratogramma also

shows similarity to Mirufens, particularly in

palpal structure, the sexually dimorphic an-

tenna of some of its species, genitalic struc-

ture, and the basically similar wing vena-

tion. The extremely elongate intervosellar

process and three-segmented anellus are two

presumably derived characters that distin-

guish Ceratogramma from all other genera.

Key to the Species of
Ceratogramma

1 . Fore wing pictured (Fig. 1 1 ). Funicle segments

broad, F2 transverse, more than twice as wide

as long (Figs. 5, 6) 2

- Fore wing not pictured (Fig. 1 2), at most slight-

ly fumate at base. Funicle segments more elon-

gate, F2 as long as or longer than wide (Figs.

7-10) 3

2. Scape greatly bulged anteriorly in both sexes,

its width subequal to length of pedicel (Fig. 5)

masneri

- Scape not as noticeably bulged in either sex,

its width less than pedicel length (Fig. 6) . . .

.

robustum

3

.

Tarsomere I ofmiddle leg elongate, longer than

II and III combined (Fig. 2), also longer than

tarsomere I of hind leg. Ovipositor extremely

elongate, extending far beyond apex of gaster

(Fig. 2), gonoplacs comprising almost half the

entire length of ovipositor magnificum
- Tarsomere I of middle leg much shorter, sub-

equal in length to II, also subequal in length to

I of hind leg. Ovipositor much shorter, at most

barely extending beyond apex of gaster; gono-

placs comprising '4 or less the entire length of

ovipositor (Fig. 20) 4

4. Female antenna (Fig. 8) with Fl longer than

wide, about 1 'A as long as wide. Fore wing with

marginal vein about % length of premarginal

vein (Fig. 1 5); vein tracks RS; and r-m indis-

tinct. Male scape broad, inflated, width greater

than half its length and subequal to length of

pedicel schachovskoyi

- Female antenna (Fig. 9) with F 1 not longer than

wide. Marginal vein about as long as premar-

ginal vein; vein tracks RS, and r-m distinct

(Fig. 12). Male scape narrow, not inflated (Fig.

10) 5

5. Female antenna with Fl subquadrate, about %
the length of F2. Fore wing not oblately round-

ed apically, ca. 2. 1 as long as wide. Gonoplacs

short, '/s-'/io entire length of ovipositor. Hind

tibia brown; gaster orange. Male genitalia with

a distinct ventral protuberance at base of each

gonostylus etiennei

- Female antenna (Fig. 9) with Fl transverse,

about '/2 the length of F2. Fore wing oblately

rounded apically (Fig. 12), 1.8 as long as wide.

Gonoplacs longer, V^ entire length ofovipositor

(Fig. 20). Hind tibia yellow; gaster with apical

segments brown. Male genitalia without a ven-

tral protuberance at base of each gonostylus

(Fig. 19) brasiliense

Ceratogramma masneri Pinto & Viggiani,

New Species

The description of C masneri is based

primarily on the slide-mounted holotype

and allotype. Exceptions are body length and

shape, characterization of the head capsule.
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and color, taken from critical point dried

specimens mounted on cards.

Diagnosis.— Shape compact, robust (Fig.

1). Antenna not sexually dimorphic, seta-

tion pattern and number of club segments

similar in both sexes; scape strongly ex-

panded; F2 transverse. Fore wing pictured;

without postmarginal vein. Mesoscutum
evenly rounded dorsally; scutellum tenti-

form in posterior half only. Ovipositor ex-

serted.

Length: Female 0.82-0.90 mm (n = 2)

(0.70-0.80 mm excluding ovipositor); male

0.58-0.65 mm (n = 7). Gaster subequal in

length to thorax.

Color: Thorax dark brown, shiny, with

slight metallic luster; head and gaster yellow

brown; the latter darker, often suffused with

brown laterally and along margins. Legs

light to dark brown except apex of tibiae

yellow; femora also usually lighter at apex.

Eyes and ocelli red. Antenna with scape yel-

low to light brown except brown at anterior

margin, distinctly lighter than apical seg-

ments. Fore wing pictured (Fig. 1 1), fumate

with hyaline areas as follows: extending

obliquely from premarginal vein to hind

margin of wing, posterior to subcostal vein,

anterior to premarginal vein, and extending

in arcuate fashion across apical fifth ofwing;

fumate areas darkest at basal %.

FQma.\e.—Head (Fig. 3): 0.86 as long as

wide; scrobes relatively shallow, extending

only half distance from toruli to median
ocellus; vertex broad, relatively flat, abrupt-

ly perpendicular to face; narrowest interoc-

ular space 0.45-0.50 greatest head width.

Antenna (Fig. 5) arising at level of ventral

margin of eye; relative length of scape, ped-

icel, two funicular segments and club 31:14:

(7:4):33, respectively; scape expanded,
bulged on anterior surface, 0.42 as wide as

long, width subequal to pedicel length; Fl

asymmetrical, slightly wider than long; F2
transverse, about three times wider than

long; each funicle with a linearly obovate

basiconic peg sensillum (BCPS) at apex, and
a single, elongate placoid sensillum extend-

ing obliquely from base ofsegment to slight-

ly beyond apex; club moderately densely se-

tate, three segmented, ca. 1.3 as wide as

funicle, relative length of segments 20:23:

1 6, CI and C2 subequal in width, subrectan-

gular in outline, slightly narrower than long

and not noticeably tapered apically, C3 sub-

conical, slightly wider than long; club with

a single subapical BCPS and 4, 5, and 4

linear placoids on Cl-3, resp., each placoid

extending at least slightly beyond apex of

segment; C3 with several thin-walled seti-

form sensilla and an elongate, subconical

sensillum at apex. Maxillary palp relatively

short, segments subequal in length, I dis-

tinctly broader than II, sensory appendix on
II longer than segment itself

Thorax: Mesoscutum and scutellum (Fig.

1) smooth, obsolescently reticulate, each

with two pair of elongate, spiniform setae;

side lobe of scutum with a single seta at

lateral margin; axilla with a seta near center;

mesoscutum evenly convex; scutellum large,

0.81 as long as wide, with posterior margin

angular, projecting posteriorly, disk slightly

to moderately tentiform, usually in poste-

rior halfonly (not discernible in Fig. 1 ). Fore

wing (Fig. 1 1) 0.55 as wide as long, venation

attaining 0.60 length of wing; with rather

scattered setation, densest at center of disk;

fringe setae relatively elongate, 0.17 maxi-

mum wing width; basal vein track absent;

radial process absent; length ofpremarginal,

marginal and stigmal veins, 23:28: 1 7, resp.;

postmarginal vein absent; marginal vein

curving gradually and evenly to stigmal vein,

narrowing abruptly basally to premarginal

vein; stigmal vein gradually increasing in

width to apex; costal cell relatively broad,

truncate apically, with 2-3 setae near mar-

gin. Hind wing relatively broad at hamuli,

immediately tapering to apex, with two setal

tracks extending from apex of venation to

apex of wing, also with a track immediately

behind venation and another extending

along posterior margin, and 10 additional

scattered setae. Legs with relative length of

coxa, trochanter, femur, tibia and (tarso-

meres) as follows: fore leg— 29:1 4:45:40:(8:

10:13); middle leg-22:18:37:58:(19:l 1:13);
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hind leg-36:24:55:64:(15:12:14); relative

length of fore, middle and hind tibial spurs

6, 7, and 7, resp.

Gaster: Ovipositor elongate, occupying

entire gaster, apical '/3 extending beyond apex

of gaster (Fig. 1); extended portion of ovi-

positor curved dorsally, apex at same level

as dorsum of gaster; length 2.2 hind tibial

length, gonoplacs occupying '/3 ovipositor

length; basal 0.17 of ovipositor extending

anterior of gonangulae. Hypogynium short,

extending only slightly beyond middle of

gaster.

Male.— Similar to female except as fol-

lows: Antennal club less densely setate,

shorter relative to scape {% as long); funic-

ular segments lacking linear placoid sensilla;

with 1, 2, and 2 placoids on Cl-3, resp.

Genital capsule (Fig. 18) elongate, 0.30 as

wide as long; aedeagus 1.15 and 0.78 length

of genital capsule and hind tibia, resp.;

gonostyli narrow, each with a single seta (or

2?) apically; volsellae with two robust spurs

apically, attaining level of gonostyli; inter-

vosellar process elongate, extending well be-

yond gonostyli and volsellae.

Type information.— Holotype female,

COSTA RICA: Alajuela, Penas Blancas, 700

m, 9-iv/9-v-1987, "primary rain forest,

malaise trap," E. Cruz (CNC). Allotype,

COSTA RICA: San Jose, Braulio Carillo

Natl. Pk., ca. 400 m, "sweeping lowland

rain forest," lO-iv-1985, L. Masner (CNC).

Both types are on slides, mounted in Can-

ada balsam.

Variation.— There are either two or three

setae near the margin of the costal cell. In

the holotype the number differs on each

wing. The radial process of the fore wing is

visible in the holotype but appears to be

absent or obsolescent in other slide-mount-

ed specimens.

The single female from the Dominican

Republic (see Records) is tentatively as-

signed to this species. It differs from typical

C masneri in several minor details— costal

cell setae are absent; segment II of the max-

illary palp is slightly longer and broader;

and, the anterior surface of the scape is

broadly concave at its apical third, not rel-

atively straight as in Fig. 5.

Records.- 18 59, 11 33. COSTA RICA:

Braulio Carillo Natl. Pk. (series of allotype,

see above), 4 33 (CNC, UCR). Braulio Cari-

llo Natl. Pk., 1000 m, x/xi-1989, 1 9, P.

Hanson (UCR). Bribri (4 km NE), 50 m, ix/

xi-1989, 1 9, P. Hanson (UCR). Carara Biol.

Reserve, 500 m, x-1989, 2 99 (UCR). Golfo

Dulce, Rincon de Osa (3 km SW), 10 m,

malaise trap, ix/xi-1989, 3 22 & 1 3, P. Han-

son (INB, UCR). Guapiles (16 km W), 400

m, malaise trap, viii/ix & xii-1989, 2 99, P.

Hanson (UCR). Manuel Antonio Natl. Pk.,

23/28-viii-1986, 5 8$. L. Masner (UCR,

UNP). Monteverde, St. Luis Valley, 1400

m, "screen sweeping semi-disturbed area,"

17-viii-1986, 1 9, L. Masner (UCR). Penas

Blancas, 1 9 (holotype, see above). Tortu-

guero Natl. Pk., m, iv/viii-1989, 4 99, J.

Solano (INB, UCR). Zurqui de Moravia,

1605 m, malaise trap, xii-1989, 1 9, P. Han-

son (UCR). DOMINICAN REPUBLIC:
Pedemales, Los Arroyos (3.5 km N), 1450

m, 16/18-vii-1990, sweeping, 1 9, L. Mas-

ner (UCR). ECUADOR: Pichincha, Tina-

landia, "lower montane rain forest," 9/13-

v-1987, 1 3, L. Coote & B. Brown (UCR).

VENEZUELA: Aragua, Rancho Grande,

1150 m, 4-vii/9-viii-1986, 1 9, B. Gill

(UCR).

Etymology.— This species is named for

Dr. Lubomir Masner of the Canadian Na-

tional Collection, a frequent collector of this

species as well as ofnumerous other Tricho-

grammatidae from throughout the world.

Notes.—The expanded scape is charac-

teristic of both sexes. In C. schachovskoyi,

a similar modification apparently is limited

to males only. C. masneri is closely related

to C robustum. The two are compared be-

low.

Ceratogramma robustum Pinto,

New Species

The following description is based pri-

marily on the slide-mounted holotype and
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allotype. Exceptions are female body length

and shape, characterization of the female

head capsule, and color, taken from the two

critical point dried paratype females mount-

ed on cards.

Diagnosis.— Distinguishing traits as in C.

masneri except scape not strongly expanded

(cf Figs. 5, 6) and scutellum tentiform along

entire dorsal surface. Specifics differing from

C masneri as follows.

Length: Female 0.98-1 .00 mm (0.70-0.80

mm excluding ovipositor) (n = 2). Male 0.50

mm (n = 1).

Color: Darker; head dark brown, only

slightly lighter than dorsum ofthorax; gaster

brown.

Female.— //^'(a!^^ 0.84 as long as wide, nar-

rowest interocular distance 0.40 greatest

head width. Eye more distinctly bulged. An-
tenna (Fig. 6) with scape widest at middle

but not as bulged anteriorly, only 0.30 as

wide as long; club slightly broader and more
ovate; setation longer, denser. Fore wing

(Fig. 13) with costal cell more setose; stig-

mal vein somewhat angled to marginal vein;

base of marginal vein broader, subtriangu-

lar, gradually narrowing to, and not as dis-

tinct from, premarginal vein; radial process

absent. Maxillary palp with segments I and

II subequal in length, II slightly narrower,

its apex with two setae and an elongate sen-

sory appendix; appendix ca. % length of seg-

ment; longer seta subequal to length of seg-

ment.

Thorax: Scutellum, metanotum and pro-

podeum distinctly tentiform, subcarinate.

Legs with relative length of coxa, trochan-

ter, femur, tibia and (tarsomeres) as follows:

fore leg- 30: 1 6:45:40:(8:9: 1 1); middle leg-

27:18:45:59:(19:1 1:13); hind leg-32:22:56:

62:(1 1:12:15); tibial spurs 5:5:13, resp.

Gaster: Ovipositor only slightly curved

dorsally, slightly longer, length 2.26 that of

hind tibia; gonoplacs occupying 0.35 ovi-

positor length; basal 0.10 of ovipositor ex-

tending anterior of gonangulae.

M2L\Q.—Head 0.74 as wide as long, inter-

ocular space 0.50 greatest head width.

Figs. 1-4. 1, Ceratogramma masneri (dorsal of

thorax and gaster, female, 73 x). 2, Ceratogramma

magnificum (same, 29 x). 3, Ceratogramma masneri

(lateral ofhead, female, 1 73 x ). 4, Ceratogramma mag-

nificum (same, 86 x ).

Type information. — Holotype female,

ECUADOR: Pichincha, Rio Palenque Re-

search Station, flight intercept trap, vi/viii-

1 985, S. & J. Peck [slide mounted in Canada

balsam (CNC)]. Two female paratypes (on

card) with same data as type (UCR). Allo-

type (on slide) from same locale except 1/

4-V-1987, L. Coote & B. Brown (UCR).

Records. -3 99, 1 S. ECUADOR: Pichin-

cha, Rio Palenque Research Station, vi/viii-

1985, 3 99, S. & J. Peck (CNC, UCR). Rio

Palenque Research Station, "lowland rain

forest, screen sweeping," 1/4-V-1987, 1 6,

L. Coote & B. Brown (UCR).

Notes.— Both C. robustum and C. mas-
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neri have been collected at the Rio Palenque

Research Station in Ecuador.

Ceratogramma magnificum

Pinto & Viggiani,

New Species

The description of this species is based

primarily on the slide-mounted holotype.

Exceptions are body length and shape, char-

acterization of the head capsule, and color,

taken from critical point dried specimens

mounted on cards.

Diagnosis.— Shape elongate, moderately

slender (Fig. 2). Antenna (Fig. 7) with fu-

nicle segments elongate; scape not expand-

ed. Wing (Fig. 1 4) not pictured, with a post-

marginal vein. Ovipositor extremely long,

extending far beyond apex ofgaster, straight,

not curved dorsally. Gaster slightly longer

than thorax; gaster evenly tapering to apex,

not bluntly rounded as in other species.

Length: 1.9 (1.8-2.0) mm (n = 5) includ-

ing exserted ovipositor; 1.3 (1.2-1.4) mm
excluding ovipositor.

Color: Primarily dark brown to almost

black; gaster slightly lighter than thorax;

head above toruli and between eyes lighter

brown; eyes red; scape yellow to light brown;

legs primarily dark brown except apex of

mid and hind tibiae, tarsi and much of fore

tibia yellow.

Female.— //^aflf (Fig. 4) 0.94 as long as

wide; scrobes deep, well defined, extending

to median ocellus; vertex narrow, not per-

pendicular to face; interocular distance 0.53

maximum head width. Eye relatively small,

malar space 0.42 lateral head length; toruli

slightly below lower margin of eyes. Anten-

na (Fig. 7) with relative length ofscape, ped-

icel, two funicular segments and club— 44:

22:( 18:1 7):43; scape linear, not even slightly

produced anteriorly, 0.18 as wide as long;

pedicel with well-developed reticulate

sculpturing on external surface; anelli dis-

tinct, Al slightly shorter than A2 and A3;

Fl elongate, linear, 0.48 as wide as long, F2

slightly shorter and wider, 0.63 as wide as

long; club fusiform, 1.31 as wide as funicle,

widest near center, C 1 , C2 subequal in length

and width, C3 conical, only slightly shorter

than and 0.71 as wide as C2; funicular seg-

ments and C 1 each with 2 BCPS near apex;

1 BCPS present subapically on C3; BCPS
apparently absent on C2; 4 and 5 linear

placoid sensilla on Fl, F2, resp.; 5, 6, and

4 placoids on CI -3, resp., each placoid ex-

tending ca. % segment length and extending

slightly beyond apex of segment. Maxillary

palp with segment II shorter and slightly

narrower than I, apical sensory appendix

0.78 length of II.

Thorax evenly convex throughout, not

tentiform, surface reticulate; mesoscutum

and scutellum each with 2 pair of elongate

setae, posterior pair on scutellum at pos-

terior margin; scutellum 0.85 as long as wide,

posterior margin broadly arcuate; side lobe

of mesoscutum with a single seta at lateral

margin; axilla with a single seta near medial

margin. Fore wing (Fig. 14) 0.48 as wide as

long, densely setate, setae densest at center,

venation attaining 0.53 length ofwing; very

short postmarginal vein present; length of

subcostal, premarginal, marginal, postmar-

ginal and stigmal veins— 63:42:40:5:19;

short basal vein track of 3 setae; a non-setate

area present immediately behind venation;

costal cell moderately densely setate; fringe

setae short, longest seta 0.07 maximum wing

width. Hind wing broad, with two well-de-

fined vein tracks from apex of venation to

apex of wing and one track present imme-

diately behind venation; disk posterior to

venation densely, irregularly setate; longest

fringe seta 0.40 greatest wing width. Legs

with relative length of coxa, trochanter, fe-

mur, tibia and (tarsomeres) as follows: fore

leg-31:21:71:64:(20:16:16); middle leg-

30:26:67:98:(41:16:16); hind leg-63:27:74:

1 00:(37: 1 9: 1 8); relative length oftibial spurs,

13, 16, 16, resp.; tarsomeres slender, I of

middle leg elongate, longer than II and III

combined, and longer than I of hind leg.

Gaster: Ovipositor straight, extremely ro-

bust and elongate, 3.45 length of hind tibia,

extending considerably beyond gaster (Fig.
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2) but not anteriorly under thorax; basal

0. 1 5 ofovipositor extending anterior of large

transverse gonangulae; gonoplacs densely

setate, elongate, comprising half entire ovi-

positor length.

Male.— Unknown.
Type information. — Holotype female,

CHILE: Cautin, Conguillio Natl. Pk., 1 150

m, screen sweeping, 4-ii-1988, L. Masner

(CNC). Four female paratypes, same locale,

date and collector but collected in pan and

malaise traps (UCR, UNP). Holotype and

2 female paratypes on slides in Canada bal-

sam; 2 paratypes on cards.

Records.- 13 99. CHILE: Cautin, Con-

guillo Natl. Pk., 4 99 (type series, see above).

Nuble, Chilian (72 km SE), 1 700 m, ''Noth-

ofagus forest," 6-xii- 1 984/ 19-ii- 1985, 2 99,

S. & J. Peck (UCR). Nuble, Recinto (19.5

km ESE), 1250 m, 10-xii-1982/3-i-1983, 1

9, A. Newton & M. Thayer (UCR). Malleco,

Curacautin (40 km W), ""Nothofagus-Ar-

aucaria" 1 2-ix-l 984/ 16-ii- 1985, 1 9, S. &
J. Peck (UCR). Malleco, Malacahuello (14

km E), 1570 m, ""Nothofagus pumilo-Ar-

aucariar 1 3/3 1-xii- 1982, 2 99, A. Newton
& M. Thayer (CNC). Malacahuello (12 km
E), 1350 m, ""Nothofagus-dombey, Arau-

caria forest:' 13/3 1-xii- 1982, 1 9, A. New-
ton & M. Thayer (CNC). Osomo, Puyehuya

Natl. Pk., Anticura, 250 m, ""Nothofagus

forest," 12-ii-1988, 1 9, L. Masner (CNC).

Ceratogramma etiennei Delvare

Ceratogramma etiennei Delvare, 1988: 1.

Diagnosis.— Moderately elongate. Color

unique— gaster orange, head and thorax pri-

marily brown, legs yellow except hind tibia

brown. Antenna sexually dimorphic, male

with whorls of long setae on segments be-

yond anelli and with a small fourth club

segment apically; scape not expanded in ei-

ther sex. Fore wing not pictured, postmar-

ginal vein present. Ovipositor not exserted.

Length: 0.8-0.9 mm.
Color Head and most ofthorax primarily

dark brown; metanotum and propodeum

Figs. 5, 6. Female antennae of Ceratogramma. 5,

C. masneri. 6, C robustum.

yellow; legs yellow except hind tibia brown;

gaster orange. Antenna light brown except

scape and pedicel yellow.

¥erm\t.—Head: Antenna relatively short;

three anelli, A2 and A3 extremely short,

subdiscoidal; funicular segments slightly

wider than long, F2 broader and longer than

Fl. Maxillary palp with segment II slightly

shorter and distinctly narrower than I, sen-

sory appendix subequal to length of II.

Thorax evenly convex; scutellum with

posterior margin broadly arcuate; mesoscu-

tal and scutellar setae moderately long,

length of posterior pair on scutellum ca. 0.4

scutellar length. Fore wing (Fig. 1 5) similar

to C magnificum except somewhat less

densely setate; postmarginal vein longer;

costal cell with relatively few setae behind

margin; basal vein track with 2 setae. Hind
wing narrower than in most species (except

brasiliense) but setal tracks similar in num-
ber and position. Legs with tarsomere I of



726 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON



VOLUME 93, NUMBER 3 727

middle leg subequal in length to II and III,

and to I of hind leg; mesotibial spur sub-

equal to length of tarsomere I.

Gaster: Ovipositor short, not extending

beyond apex of gaster, occupying 0.8 length

of gaster, 1.6 the length of hind tibia; gono-

placs short, their length only '4-'/|o entire

ovipositor length.

Male.— Genitalia with a distinct ventral

protuberance at base of each gonostylus;

narrow gonostyli considerably shorter than

volsellae, each with an elongate seta at apex

which attains apex of volsellae; genital cap-

sule abruptly narrower at apical half.

Type information. — Holotype female,

GUADELOUPE: Neuf-Chateau, ex. egg of

Diaprepes abbreviatus on Citrus aurantifolia

(Christm.) Swingle, 4/5-ix-1986, R. Hugon
(MNHP), not examined. 4 paratypes (2 of

each sex), GUADELOUPE: Sainte-Rose,

13-vi-1986, J. Etienne (USNM), examined.

Several additional unexamined paratypes

from Neuf-Chateau and Sainte-Rose de-

posited in MNHP.
Records.-GUADELOUPE: Capesterre,

lO-iii-1988, 1 9, J. Etienne (UCR). Neuf-

Chateau and Sainte-Rose (type series, see

above). All specimens reared from D. ab-

breviatus.

Notes.—A3 is very short and closely ap-

pressed to Fl in C. etiennei. This segment

was apparently overlooked by Delvare

(1988) when he reported only two anelli in

this species.

This species is fully illustrated in Delvare

(1988).

Ceratogramma brasiliense Viggiani,

New Species

The description of this species is based

primarily on the holotype female and al-

lotype male. All four specimens known are

slide-mounted. Body length is taken from

the entire series.

Diagnosis.— Distinguishing traits as in C
etiennei except hind tibia entirely yellow;

gastral tergites III-VII increasingly brown;

scape, Fl and club narrower; fore wing wid-

er apically, rather oblately rounded; gono-

placs longer; and male genitalia without a

distinct ventral protuberance at base ofeach

gonostylus.

Length: 0.76-0.95 mm.
Color: Head and thorax dark brown, in-

cluding metanotum and propodcum; gaster

with tergites III-VII brown; antenna light

brown; wing hyaline, only slightly fumate

at base; legs yellow with brown coxae; male

with more brown on gaster and femora of

all legs.

¥Qma\Q. — Head: Maxillary and labial

palpi as in C. etiennei. Antenna (Fig. 9)

moderately long; scape rather narrow, 1.6

as long as pedicel; Fl transverse; F2 1.2

longer than wide; club about 4 times as long

as wide, C 1 and C2 slightly longer than wide

or as long as wide; number ofcampaniform
(= BCPS) and linear placoid sensilla dis-

tributed as follows: Fl (3, 0), F2 (4-5, 4-5),

CI (4, 6), C2(l, 5), C3(0, 3).

Thorax very similar to C. etiennei. Fore

wing (Fig. 12) 1 .8 as long as wide; costal cell

about 9 times as long as wide, with a few

setae near margin at apical third and a row

of setae immediately anterior to venation;

relative length of subcostal, premarginal,

marginal, postmarginal, and stigmal veins,

20:12:11:2:8, resp.; disk large, setose with

RS2, r-m, CU2, and A vein tracks distinct;

fringe very short, about a third as long as

stigmal vein. Hind wing (Fig. 1 7) rather nar-

row as in C. etiennei, with one setal track

behind venation, two tracks extending from

hamuli to apex of wing, another along the

Figs. 7-10. Antennae of Ceratogramma. 7, C magnificum (female). 8, C. schachovskoyi (female). 9, C.

brasiliense (female). 1 0, C. brasiliense (male).
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Figs. 11, 12. Fore wings of Ceratogramma. 11, C
masneri. 12, C brasiliense.

posterior margin, and with a few scattered

setae between tracks. Legs with tibial spur

and tarsomere ratios as follows: fore— (4):

7:7:7; middle-(8):8:8:8; hind-(4):7:7:7.

Gaster rather short, globular, about 1.2-

1.3 as long as thorax, not longer than head

and thorax combined; ovipositor exserted

at base of gaster, about 1 .6 length of hind

tibia, not exserted; gonoplacs narrow, V^ the

length of entire ovipositor (Fig. 20).

Male.— Color similar to female but with

more brown on gaster and legs. Antenna and

genitalia (Figs. 10, 19) as in C. etiennei, ex-

cept without ventral protuberance basal to

each gonostylus.

Type information. — Holotype female,

BRAZIL: Nova Teutonia, ix-1943, F. Plau-

mann (BMNH). Two female and one male

paratypes, same data (BMNH). All material

on slides in Canada balsam.

Records.—Known only from type series

(see above).

Ceratogramma schachovskoyi De Santis

Ceratogramma schachovskoyi De Santis,

1957: 131. Viggiani, 1971: 189. Delvare,

1988: 1, 3.

This species is known from the male ho-

lotype and three tentatively assigned fe-

males. The description below refers to the

male type. The description offemales is sep-

arate and, because one is card mounted, in-

cludes certain traits (e.g. specifics of head

structure) that could not be adequately de-

scribed from the slide-mounted male.

Diagnosis.— Moderately elongate. Color

of head, thorax and gaster brown. Antenna

sexually dimorphic; male with expanded

scape, whorls of long setae on segments be-

yond annelli, and a small fourth club seg-

ment apically. Fore wing not pictured, with

a distinct postmarginal vein. Ovipositor not

exserted.

Male {hoXoXypo).— Length: 0.9 mm.
Color: Brown except coxae in part, basal

half of notauli and a medial longitudinal

vitta on thorax yellow. Fore wing hyaline

except slight fumation at base and near stig-

mal vein.

Head: Antenna with scape expanded and

slightly more than halfas wide as long, width

of scape subequal to pedicel length; whorls

of moderately long setae on all segments

beyond anelli; Fl, F2ca. 0.7 and 0.8 as wide

as long, resp., their combined length 0.80

club length; club with a small fourth seg-

ment. Maxillary palpal segment II elongate,

slightly longer than I, apical sensory appen-

dix short, only 0.30 length of II.

Thorax evenly convex, not tentiform;

mesoscutal and scutellar setae extremely

long, length of posterior pair on scutellum

over half(0.6-0.8) scutellar length. Fore wing

venation (Fig. 16) attaining 0.48 length of

wing, postmarginal vein present; marginal

vein short, 0.6 length of premarginal vein

and only slightly longer than stigmal vein;

costal cell setate on margin and anterior to

venation; basal vein track well developed;

disk densely setate, with 2 strong setae in
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area immediately posterior to venation,

otherwise this area lacking setae as in con-

geners. Hind wing very broad but not im-

mediately narrowing apically from hamuli

as in C masneri and C. wbustum, width 2.3

length of posterior fringe; vein tracks as in

other species except not as distinct because

of dense setation throughout disk. Tarso-

mere I of middle leg subequal in length to

II and III, and to I of hind leg; mesotibial

spur subequal in length to tarsomere I.

Gaster: Genitalia with a ventral protu-

berance at base of each gonostylus.

Female.— Co/or dark brown except face,

antenna yellow, and fore and middle legs

yellow apical to coxa; hind leg with femora

primarily dark brown; wing not noticeably

fumate, venation light brown.

Head broad, 0.74 as long as wide; inter-

ocular distance 0.47 maximum head width.

Eyes larger than in C magnificum, bulged,

malar space relatively short, occupying 'A

lateral head length. Toruli above lower mar-

gin of eyes (at ventral fourth); scrobes dis-

tinctly shorter than in C. magnificum, ex-

tending only % distance to median ocellus;

vertex broad, subperpendicular to face. An-
tenna (Fig. 8) with scape linear, not ex-

panded, its width only Vi pedicel length; with

moderately elongate setae, setae not whorled

as in male; length of scape, pedicel, funicle

segments and club— 20:1 2:(10:8):23, resp.;

Fl 0.70 as wide as long, F2 broader, almost

as wide as long; club 1 .4 as wide as funicle,

broadest at base, tapering to apex; CI, C2
wider than long, C3 slightly longer than wide,

with a narrow, elongate sensory appendix

apically. Number of linear placoid sensilla

distributed on antenna as follows: Fl -
1 , F2-

2, Cl-5, C2-3, C3-3; funicles, CI and C2
ringed at apex with several large, subglobose

Figs. 13-16. Fore wings of Ceratogramma (basal

portion showing venation). 13, C. wbustum. 14, C
magnificum. 15, C. etiennei. 16, C. schachovskoyi [a

seta on subcostal vein of this specimen (holotype) ap-

parently missing (broken?)].
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Figs. 1 7-20. 1 7, Hind wing ofC hrasiliense. 18, 19, Male genitalia ofCeratogramma (ventral). 1 8, C. masneri

(aedeagus removed). 1 9, C brasiliense (aedeagus in place). 20, Ovipositor (right halO of C. brasiliense.

BCPS; C3 with only one subapical BCPS
visible.

Gaster: Ovipositor relatively short, length

1.7 that of hind tibia; occupying most of

gaster but extending only slightly beyond its

apex; gonoplacs short, consisting of only '/s

total ovipositor length; only basal 0.12 of

ovipositor extending anterior ofsmall linear

gonangulae. Hypogynium extending slightly

beyond apical half of gaster.

Type information.— Holotype male, AR-
GENTINA: Neuquen, "orillas del Lago

Curruhe Grande," 25-ii-1955, B. Torres &
L. De Santis (UNLP), examined.
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Table I . Characters of species of Ceratogramma.
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for preparing Figs. 5-8, 11, 13-16, and 18.

Drawings of C. hrasiliense were prepared by

the second author.
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NOTES ON THE G. B. VOGT COLLECTION, PART I:

SOUTH TEXAS (COLEOPTERA AND HEMIPTERA)

C. L. Bellamy

Department of Entomology, National Museum of Natural History, Smithsonian Insti-

tution, Washington, D.C.

Abstract. —Information is given on the recently acquired entomological collections of

George B. Vogt. The diverse material of Coleoptera and Hemiptera collected in southern

Texas (1946-1947) and discrepancies between the label data and information published

by the collector in several papers from 1 949 are discussed.

Key Words: South Texas, Coleoptera, Hemiptera

The sudden and unfortunate death of

George B. Vogt on Dec. 12, 1990 has de-

prived his friends and colleagues of one of

the most widely interested entomologists of

his time. George's life was recently sketched

by Anderson et al. (1991).

George left a tremendous wealth of en-

tomological material to the National Mu-
seum of Natural History. Much of the ma-

terial is still in a very raw state and an

enormous commitment of time and space

will be required to complete the preparation

and curation of George's collections. How-
ever, some of the material from the earlier

years of his career, notably that collected

while George was working for the Public

Health Service and resident in South Texas

(1946-1947), arrived mounted and labelled

and is slowly being integrated into the gen-

eral collections at NMNH. This material is

mostly representative of a wide array of

beetle families along with several drawers

of various groups of Hemiptera. Following

his return from Texas in 1948, George pub-

lished five papers on the material he had

collected. These appeared in this chronol-

ogy and discussed taxa within the following

families: 1949a (Cicindelidae); 1949b and

1949c (Buprestidae); 1949d and 1949e

(Cerambycidae). However, George also col-

lected numerous examples of many other

beetle families and these records were never

published. Because of the demise of most

ofthe habitat in the Lower Rio Grande Val-

ley, I suspect that some, if not most, of this

material represents taxa that may be quite

rare in collections and might well be en-

dangered or possibly extinct in nature. The
first example of the value of this collection

is the newly described tenebrionid, Bran-

chus whiteheadi Steiner (1991), with nearly

halfof the type series coming from the Vogt

collection. W. E. Steiner has also told me
(pers. comm.) that another tenebrionid,

Oenopion zopheroides (Horn), is represent-

ed by three specimens in the Vogt collection

and was recently discussed as being one of

the rarest of North American tenebrionids

in collections (Doyen 1971). More recently.

Doyen (1984) discussed the restricted dis-

tribution and habitat of another tenebrio-

nid, Eusattus puberulus LeConte. There are

seven specimens in the Vogt collection which

represent a range extension into a further

southern Texas county. The locality data for

this taxon reads: Willacy Co., Tex., B. 30-

XI-46.

Even though this material is in the best



734 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

Table I. South Texas localities for the G. B. Vogt

collection. Numbers are as published in Vogt (1949c)

and letters are as on the specimen labels.
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Scale or Miles

Fig. 1 . Distribution of collecting localities from Vogt ( 1 949c, e).

be no confusion here. Some of the letters

are apparently congruent with the num-
bered localities from Fig. 1 and these are

listed below. In some cases, the numbered
localities probably refer to more than one

lettered locality.

There is also some material (e.g. Teneb-

rionidae) that was collected in Willacy Co.

which bears the locality letter 'B', but there

is not an annotated map ofthat county from

which to derive more precise locality data.

The only localities which were fully ar-

T^^

STARR

/ HIDALGO
I

„ /

%Pk.

/^IVETR

Scale or Miles

Fig. 2. Distribution of collecting localities from hand numbered maps.
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ticulated were those used for the eight taxa

described by Vogt ( 1 949a, b). These are re-

peated here to clarify some data originally

omitted and to further relate the lettered

label data to precise localities. In the case

of the three cicindelids (Vogt 1 949a) and

five buprestids (Vogt 1 949b), no exact data

for the respective holotypes were given with

the descriptions, so this is clarified below.

Cicindela nigwcoerulea subtwpica Vogt,

1949a: 2. Holotype (USNM #59055): S.W.

Hidalgo Co., Tex. H. 27-X-46, George B.

Vogt. Two localities were given for the type

series, with the "H" corresponding to: "five

miles southwest of Mission."

Cicindela obsoleta neojuvenilis Vogt,

1949a: 4. Holotype (USNM #59056): S.W.

Hidalgo Co., Tex. H. 6-X-46, George B.

Vogt. The entire type series was from the

same locality, "five miles southwest of Mis-

sion."

Cicindela cazieri Vogt, 1949a: 6. Holo-

type (USNM #59057): Starr Co., Tex. E.

5-X-47, George B. Vogt. The published lo-

cality was "ten miles north of Rio Grande
City."

Chrysobothris publineata Vogt, 1949b: 48.

Holotype (USNM #58836): Starr Co., Tex.

A. 12-IV-47, George B. Vogt/Rio Grande
City, 6V2 mi. S.E.

Agrilus exsapindi Vogt, 1949b: 49. Ho-
lotype (USNM #58837): S.W. Hidalgo Co.,

Tex. 29-III-47, George B. Vogt/One mi
south Granjeno Tex. The allotype bears the

same first label which differs: "V.30-III-47"

and no second label.

Agrilus sapindicola Vogt, 1 949b: 50. Ho-
lotype (USNM #58838): same exact labels

and data as holotype o{ A. exsapindi.

Agrilus obscurilineatus Vogt, 1949b: 52.

Holotype (USNM #58839): Starr Co., Tex.

A. 12-V-47, George B. Vogt/Rio Grande
City, Tex., 6V2 mi. S.E.

Pachyscelus fisheri Yogi, 1949b: 53. Ho-
lotype (USNM #58840): S.W. Cameron Co.,

Tex. H. 6-IX-47, George B. Vogt/Santa Ma-
ria, Tex., 3 mi. E.

Neither the allotypes, where present, nor

paratypes of any of these taxa are presently

labelled with locality information beyond a

letter designation.
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Abstract. —Stnsovy receptors on the antennae, labial and maxillary palpi, and foretarsi

of Microplitis croceipes (Cresson) were examined by scanning electron microscopy. The
occurrence of antennal sensilla not described by earlier workers is reported. Generally,

there are 6 types of sensilla in adults of M. croceipes, namely, sensilla (s.) trichodea, s.

basiconica, s. chaetica, s. placodea, s. campaniformia and s. coeloconica. Sensilla placodea,

campaniformia and coeloconica occur only on antennal flagella. However, s. trichodea

and s. basiconica were present on all structural parts examined. Variants of s. trichodea

(Trichodea A, B, C and D) and those of s. basiconica (Basiconica A and B) are described.

The present paper documents for the first time the occurrence of Trichodea B, C and D,

Basiconica B, s. chaetica, s. campaniformia and s. coeloconica in M croceipes. Sexual

dimorphism in M. croceipes correlates with antennal sensilla type; s. campaniformia are

present only on female antennae whereas s. coeloconica and bent-tipped trichoid sensilla

(D) occur only on male antennae. Other sensilla types occur in both sexes.

Key Words: Sensilla, antennae, foretarsi, labial palps, maxillary palps, sexual dimor-

phism

Insects are generally heavily vested with Gupta 1981). Sensory organs on the mouth-
hairs (sensilla) used for olfactory, gustatory, parts and tarsi have been found to influence

hygro-, mechano-, and thermo-reception feeding in Phormia, Tahanus, Locusta and
(Ramaswamy and Gupta 1981). The re- Chrysomela species, whereas those on the

sponses of various sensilla may vary with tarsi of Pieris brassicae (L.), Delia brassicae

insect structural parts (O'Connel 1975), be- Bouche, Psila rosae (F.), Rhagoletis sp. and
tween insects (Dethier 1977), gender and Ceratitis sp. are involved in oviposition

age after ecdysis, or emergence (Zacharuk (Stadler 1980). Antennal sensory receptors

1980). Detection of chemotactic stimuli by in parasitic wasps play an important role in

insects is mediated by sensory receptors host choice, including detection of ovipo-

present on the antennae, mouthparts, and sitional and host recognition cues (Weseloh

tarsi (Frings and Frings 1949, Weseloh 1972, Barlin and Vinson 1981). Insects may
1972). In Blatella germanica (L.) phero- also rely on chemoreceptors found on the

mone detection is mediated by sensory re- labial and maxillary palpi in addition to

ceptors on the antennae and on the maxil- those found on the antennae in perceiving

lary and labial palps (Ramaswamy and host plant chemicals, as in Choristoneura
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fumiferana (Clemens) (Tortricidae) (Albert

1980). Given the apparent importance of

antennal sensory receptors in parasitoids,

morphological studies of these structures

have been numerous. Norton and Vinson

(1974b) compared the antennal sensilla of

the braconids Cardiochiles nigriceps Vie-

reck and M. croceipes and the ichneumonid

Campoletis sonorensis (Cameron). In M.

croceipes trichoid, basiconic, and placoid

sensilla were described. In this paper we

document the presence of previously un-

described sensory organs on the antennae,

foretarsi, and labial and maxillary palpi of

M. croceipes.

Methods and Mateflials

Adults of M. croceipes were reared from

Heliothis virescens (F.) larvae grown on ar-

tificial diet (King and Hartley 1985). Sam-

ples for scanning electron microscopy were

either prepared in a Hexland Cryo Trans

1000 (HCT) apparatus which allows for ex-

amination of frozen hydrated biological

specimens, or dehydrated serially in etha-

nol, critical point dried prior to coating with

gold/palladium and mounted using silver

paint. For HCT preparation, live wasps were

held individually inside gelatin capsules (size

00), immobilized by cold treatment for 2-

3 min, and mounted on conductive alu-

minum stubs using O.C.T. compound (Tis-

sue Tek, Miles Laboratories, Inc., Naper-

ville, Illinois) as an embedding medium.

Mounted specimens were frozen in nitrogen

slush for 10-15 s, sputter coated with gold

for 2 min, and examined at - 185 to - 120

C in a JEOL JSM 840 scanning electron

microscope at accelerating voltage of 5-15

kV.

The presence of pores in receptor organs

indicates chemosensory function. The po-

rosity of trichoid and basiconic sensilla on

the antennae was determined by a silver

staining technique modified after Schafer

and Sanchez (1976). Live insects were

washed 3 times in 10% acetone for 10 s each

wash, placed on 0. 1 M AgNOj for 3-6 min

and washed 3 times in distilled water for 1

5

min each wash. The insects were later soaked

in Kodak Microdal-X developer for 5-7

min, rinsed in 3% acetic acid for 1 min and

dehydrated serially in ethanol. Dehydrated

specimens were cleared in xylol/phenol

mixture (3:1 ratio + 1% ethanol) and

mounted in Hoyer's medium. Mounted

specimens were examined using a com-

pound light microscope.

Description and classification of sensilla

in the present study were based mainly on

external form (outgrowth), reticulations

(grooves), mode of insertion (sockets) and

porosity (stainability). The thickness and

number of pores (uniporous vs. multipo-

rous) of the cuticular walls were not deter-

mined. Sensilla dimensions were measured

in terms oflength and basal width (at widest

point) of projection (trichoid and basiconic

sensilla), diameter of basal plate and papilla

(campaniform sensilla), diameter of cellular

ring and length and basal width of peg (coe-

loconic sensilla).

Results

In general six types of sensilla (Table 1

)

were observed on the antennae, foretarsi and

palpi of M. croceipes adults: sensilla (s.)

trichodea, s. basiconica, s. chaetica, s. pla-

codea, s. campaniformia and s. coeloconica.

No attempt was made to classify and de-

scribe variants of trichoid and basiconic

sensilla on the bases of their internal struc-

tures. All sharply pointed hairlike or seta-

ceous projections were treated as s. tricho-

dea; variations in size, reticulations and

structural curvature were grouped as sub-

types (variants). Four variants of s. tricho-

dea (Trichodea A, B, C and D) and two

subtypes of s. basiconica (Basiconica A and

B) are described in the present study.

Sensilla Types

Sensilla Trichodea A (Figs. 1, 3, 5, 9, 11,

13, 16): These long, slender hairs taper grad-

ually to a point and project from nonsock-

eted insertions. They bear longitudinal or

I
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Table 1 . General types of sensilla on Microplitis

croceipes (Cresson).

Structural Part Examined
Type/
Van- Anten- Fore- Max. Lab.

Sensilla ant na tarsus Palpus Palpus

Trichodea
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Figs. 3, 4. Midsection of female flagellum. Basi-

conic sensilla A (BsA); basiconic sensilla B (BsB); cam-

paniform sensilla (CaS); papilla (pp).

oid hairs, they are, nonetheless, as widely

distributed. The shaft of Basiconica A is

markedly longitudinally grooved or fluted

and may project perpendicularly from the

cuticular surface. On the flagellum, most

hairlike sensory receptors are oriented

acropetally (bent toward flagellar tip), thus

rendering errant (perpendicular) basiconic

hairs more apparent (Fig. 3).

Sensilla Basiconica B (Fig. 4): These blunt-

tipped hairs are relatively short (10.7 X 2.0

)um). The shaft is devoid of grooves but has

convex protuberances (Fig. 4). Some are

acropetally bent about V3 oftheir length from

base of hair.

Sensilla Placodea (Figs. 1-3): These elon-

gated sensory plates are found abundantly

on all flagellar segments of both sexes. Each

plate has a convex inner surface that is

slightly elevated above the surface of the

flagellum and with a folded ridge surround-

ing it. The plates on male antennae are ca.

65.0 yivn long and 2.8 fxm wide; on the fe-

male, they are ca. 56.6 ^im long and 3.5 mhi

wide. Male antennal segments are almost

twice as long as those of females and have

more placoid sensilla organs.

Sensilla Chaetica (Figs. 5, 7): This is the

first documentation of the occurrence of

these bristlelike sensory receptors in M. cro-

ceipes. These bristles (8.1 x 2.0 iixn) resem-

ble s. trichodea but possess blunt instead of

sharply pointed tips typical of trichoid hairs.

Each hair articulates on a basal cuticular

ring. In M. croceipes these sensory bristles

were observed on the proximal region ofthe

pedicel normally obscured by a portion of

the scape, as well as on the intersegmental

membrane between the scape and head. On
the latter, these sensilla occur in two dis-

tinctly separate groups, one on the dorsal

side and the other on the laterodorsal area.

The numbers of s. chaetica in each group

varied with sex; fewer bristles occurred in

females (laterodorsal bristles, 12-17; dorsal

bristles, 5) than in males (laterodorsal bris-

tles, 30-31; dorsal bristles, 12). There was

no difference in numbers (12) observed on

the pedicel of both sexes.

Sensilla Campaniformia (Fig. 4): These

platelike sensory structures (8.3 ixm dia) are

usually circular but sometimes pear-shaped

with centrally located papillae (0.8 Mm dia).

These receptors occur singly only on the

distal '/3 of flagellomeres 1, 2, 5, 7, 9-1 1 and

1 3 of female antennae.

Sensilla Coeloconica (Figs. 6, 8): This type

of sensilla was first described in M. croceipes

as smooth basiconic sensillum (Norton and

Vinson 1974b). Scanning electron micro-

graphs revealed that the peglike or conical

structure (2.7 x 2.6 ixm) projects from an

opening (pit) (3.0 ^m dia) in the body wall.

The peglike projection is also not smooth

but rather deeply grooved (Fig. 8) along the

distal Vi of its length. Coeloconic sensilla

occur singly and dorsocentrally on all fla-

gellar segments of male antennae. The pit

is surrounded by a smooth, doughnut-

shaped (Fig. 6) cuticular area (9.0 fxm dia).
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Figs. 5-8. Sensilla chaetica. 5, Portions of scape (upper segment) and pedicel (lower segment) of female

antenna. 7, Intersegmental membrane between head and scape. Sensilla chaetica (ChS); trichodea A (TrA); socket

(So); dorsal bristles (a); dorsolateral bristles (b). Sensilla coeloconica. 6, Coeloconic sensillum showing the

doughnut-shaped basal ring (Br). 8, Coeloconic sensillum showing the orifice (Or) and grooves on distal portion

of peg.
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Figs. 9-12. Foretarsus. 9 and 10, Close-up view of the pretarsal segment. 1 1 and 12, Trichoid sensilla B on
tarsus.

Distribution

On the antennae ofM. croceipes trichoid,

basiconic and placoid sensilla are abun-

dantly present. The scape bears only trich-

oid sensilla. Sensilla chaetica and s. tricho-

dea (type A) are found on the pedicel. All

sensilla types previously described are found

on the antennal flagellum except Trichodea

B and D, and s. chaetica.

The foretarsus ofM croceipes is divided

into pretarsus and 5 tarsal segments. The
pretarsus is heavily vested with basiconic

(Basiconica A) and trichoid (Trichodea A)
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sensilla. Dorsally there are, on average, 1 36

trichoid sensilla on the arolium pad, 21 on

the unguitractor plate and 34 on the lateral

plate that extends to the ungues (Fig. 9). A
pair of cuticular pads (auxilia) are located

basally near the unguitractor plate. The pre-

tarsus bears a distal pore (Fig. 14). The tar-

sal segments are heavily covered with long,

sharply pointed trichoid hairs and sparsely

covered with basiconic sensilla. Some tri-

choids bear spinelike basal projections near

the base of the first tarsal segment; the ven-

tral margin is lined with a row of large,

round-tipped spines. The maxillary and la-

bial palpi of M. croceipes have 5 and 4 seg-

ments, respectively (Fig. 17). Compared to

the labial palpus, the maxillary palpus is

more heavily invested with hairs. Only

trichoid (Trichodea A) and basiconic sen-

silla (Basiconica A and B) were observed on

the palpi. Trichoid sensilla occur in larger

numbers but basiconic sensilla are larger.

The latter are confined mainly to the upper

% of the segments. The most distal segment

of the labial palpus is tipped with a long,

robust Basiconica A.

Discussion

Antennal sensilla have been the subject

of several studies in parasitic Hymenoptera
because of their active role in host finding

(Richerson et al. 1972, Borden et al. 1973,

Norton and Vinson 1974a, b, Barlin and
Vinson 1981) and courtship behavior (Bar-

rass 1960, Miller 1972). It has long been

recognized that insect behavior is often me-
diated by pheromones received through an-

tennae (Wibel et al. 1984). Weseloh (1972)

presented morphological and behavioral

evidence showing that in Chiloneurus nox-

ius Compere (Encyrtidae) females the or-

gans primarily involved in mediating initial

host acceptance behavior are located on the

antennae.

The antennae ofM. croceipes, particularly

the flagellar segments, bear the most nu-

merous types of sensilla compared to other

structural parts examined. Of the sensilla

types described, trichoid and basiconic sen-

silla are most ubiquitous.

Trichoid hairs have been reported to per-

form either or both mechano- and chemo-
sensory functions in pompilids (Aim and

Kurczewski 1982, Lane et al. 1988); the

presence ofan articulating membrane at the

base of the hair indicates involvement in

mechanoreception. In Evagetes parvus

(Cresson) the presence of a double chamber
in a variant of s. trichodea (Trichodea D)

(Lane et al. 1988) suggested their dual func-

tion as mechano- and chemosensory recep-

tors. Trichoid hairs on the antennae of M.
croceipes may be porous or nonporous

whereas basiconic hairs are all porous. Po-

rosity of sensory receptors suggests chemo-

sensory function.

Placoid sensilla are common to pterom-

alids, eulophids, braconids, encyrtids, ap-

ids, trichogrammatids and aphidiids (Rich-

erson et al. 1972) and occur in predatory

pompilids (Aim and Kurczewski 1982, Lane

et al. 1988). These sensilla have been im-

plicated in host finding through detection

of infrared radiation (Borden et al. 1978,

Richerson et al. 1972) and by olfaction

(Borden et al. 1 978, Schneider 1 964). In non-

parasitic species placoid sensilla occur on

other body parts. For example, in Vrophora

affinis Frauenfeld (Tephritidae), these sen-

silla located on the ovipositor were involved

in chemo- and mechanoreception (Zacha-

ruk et al. 1986). In Hymenoptera placoid

sensilla vary in size and shape. They may
be elongate and slightly raised above the

cuticular surface (e.g. braconids and ich-

neumonids) (Norton and Vinson 1974b),

short and flat (e.g. vespids) (Callahan 1970),

or flat and circular (e.g. Apoidea) (Slifer and

Sekhon 1960, Dietz and Humphreys 1971,

Agren 1977) and may also end in a point

(e.g. pompilids) (Walther 1979, Lane et al.

1 988). Sensilla chaetica, which articulate in-

dividually on a socket, may be involved in

mechanoreception. Several classical studies

on insect antennae indicate involvement of

blunt s. chaetica in mechanoreception. In
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Figs. 13-16. 13and 14, Ventral surface of pretarsus. 15. Dorsal surface of pretarsus. 16, First tarsal segment.

Trichoid sensilla A (TrA); trichoid sensilla B (TrB); trichoid sensilla D (TrD): basiconic sensilla A (BsA); distal

pore (po); spine (sp).
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Fig. 1 7. Maxillary (MX) and labial (LB) palpi beset with trichoid and basiconic sensilla.

honey bee antennae, s. chaetica at the two

proximal joints were shown to be phasic-

tonic mechanoreceptors presumably acting

as proprioreceptors perceiving antennal po-

sition (Schneider 1964). Their specific func-

tions in M. cwceipes, however, have yet to

be determined electrophysiologically.

Like s. chaetica, s. campaniformia may
function as proprioreceptors (Mclver 1975)

and, therefore, generally are considered

mechanoreceptors (Dietz and Humphreys
1971). In honey bees, their role in olfaction

was negated by earlier studies (Frisch 1921,

Dietz and Humphreys 1971).

Sensilla coeloconica have been reported

to be involved in CO2, chemo-, thermo-,

and hygroreception (Kuwabara and Takeda

1956, Agren 1977, Altner and Prillinger

1980). In M. cwceipes these organs occur

singly and only on male antennae.

The present study is the first documen-

tation of the occurrence of sensilla Tricho-

dea B, C, and D, basiconic sensilla B, s.

chaetica, s. campaniformia and s. coeloco-

nica in M. cwceipes. Sexual dimorphism, in

terms ofvariation in sensilla types occurring

on antennae, is exhibited in M. cwceipes;

bent-tipped trichoid and coeloconic sensilla

occurred only on male antennae, and cam-

paniform sensilla were found only on fe-

male antennae. Of all the structural parts

examined, the antennae bear the most nu-

merous types of sensilla, indicative of their

intricate and complex function in modify-

ing adult behavior.

Insect sensilla vary widely in morpholo-

gy; they occur in a variety of forms, shapes

and sizes, and outwardly similar organs may
differ considerably in their internal struc-

tures. Therefore, information revealed by

scanning electron microscopy must be com-

plemented by fine-structural, electrophysi-
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ological, behavioral and ablation studies to

determine the specific role ofeach sensillum

or receptor type on a particular body part.
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Abstract.— First instar mantids, Tenodera aridifolia sinensis (Saussure), were offered

prey at six different densities in a replicated laboratory experiment. Although predation

rate consistently increased with increasing prey density, growth efficiency reached a peak

(58%) at intermediate prey density, and declined to 40% at the highest prey density. This

decline, which represents a decrease in assimilation efficiency at the most rapid feeding

rates, depicts wastage of food and reflects the lack of selection for optimization in food

limited environments.

Key Words: predation rate, prey density, growth efficiency, feeding rates.

The Chinese mantid, Tenodera aridifolia

sinensis (Saussure), is a generalist arthropod

predator which inhabits a wide variety of

early successional habitats in Delaware and

much of the eastern United States (Gumey
1950, Hurd and Eisenberg 1989). Egg hatch

typically occurs early in the spring when
prey availability for first instar nymphs is

low (Hurd 1988). Most mortality occurs

during the first stadium, chiefly as a result

of food limitation (Hurd and Eisenberg

1984).

Hurd and Rathet (1986) addressed the

question of whether, in view of heavy se-

lection against the first stadium, mantid

nymphs could optimize predation rate

(functional response) to achieve maximum
development rate and size at first ecdysis

under a variety of prey densities in the lab-

oratory. We found that nymphs which suc-

cessfully completed the first stadium in-

creased predation rate beyond that which

produced gains in both of these life history

parameters, an apparently wasteful strategy.

Here I examine growth efficiencies for man-

tids in that experiment to clarify how
nymphs fed at rates beyond their ability to

benefit from increasing prey densities.

Materials and >4ethods

An experimental cohort of T. a. sinensis

nymphs was derived from oothecae col-

lected in New Castle County, Delaware

(Hurd and Rathet 1986). Nymphs were

maintained individually in 1 30 ml glass vi-

als, beginning immediately upon hatching.

These were divided into six treatment

groups, representing different prey densi-

ties, consisting of 20 nymphs each. Densi-

ties of prey (Drosophila melanogaster Mei-

gen) were established by varying the rate of

supply among groups: group I = 0.33 flies/

day (one fly every three days), group II =

0.50 flies/day, group III = 1 .0 fly/day, group

IV = 2.0 flies/day, group V = 3.0 flies/day,

and group VI = ad libitum (flies were added

in excess of depletion). These mantids were

kept in incubators at 23°C on a 12:12 L:D

light cycle.

Numbers of flies consumed, whole or in
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Table 1. Mean (±SE) predation rate (flies/mantid/

day), dry weight biomass at ecdysis, and dry weight

biomass of prey eaten during first stadium for T. si-

nensis nymphs in six experimental groups.

60

Group
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nets of optimal foraging theory, such as re-

jecting suboptimal prey (Stephens and Krebs

1986). Most studies of the relationship of

various arthropod predators to their prey

sources have revealed some degree of food

limitation (e.g. Mukerji and LeRoux 1969,

Lawton 1971, Wise 1975, 1979, Takafuji

and Chant 1976, Formanowicz 1982, Len-

ski 1984, Folsom and Collins 1984). There-

fore in the real world such predators gen-

erally may provide poor fit to optimization

models.
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TAXONOMY OF THE ORIENTAL GENUS KERRICHIA MASON, WITH
DESCRIPTION OF A NEW SPECIES FROM NEPAL

(HYMENOPTERA: ICHNEUMONIDAE: TRYPHONINAE)'

ViRENDRA K. GUPTA^

Department of Entomology & Nematology, University of Florida, Gainesville, Florida

32611.

Abstract.— Kerrichia Mason (1962) described from Japan with K. nipponica Mason as

the type species is here recorded from Taiwan and Nepal. The Nepal record is based on

a new species, K. nepalensis Gupta. A key is provided to distinguish them.

Key Words: Ichneumonidae, Exenterini, Kerrichia, taxonomy

Gupta ( 1 990) published on the taxonomy
ofthe Kristotomus-corcypXtx ofgenera which

includes Kristotomus, Kerrichia and Or-

thomiscus. These genera have characters

usual for the Exenterini [= Cteniscini of

Townes, Townes & Gupta (1961) and oth-

ers], including middle tibia with only one

spur and hind tibia without any spurs, but

differ from other Exenterini in the following

characters: Apical rim of hind tibia with a

fringe oflong, close bristles on its inner side,

and a flat polished area on the lower and

inner sides between the apical fringe of bris-

tles and the tarsal socket; hind tibia being

widest at apex and truncate; and ovipositor

being short, slender, and tapering or de-

curved.

Kerrichia is similar to Kristotomus in

many characters, including the mandible

shape, dorsolateral carina of petiole, and

ovipositor, but is distinguished by its nar-

row, slender petiole that does not have a

glymma (Figs. 1, 3), tarsal claws without

' Florida Agricultural Experiment Station Journal

Series No. R-01066.
- Address for correspondence: % American Ento-

mological Institute, 3005 S.W. 56th Avenue, Gaines-

ville, Horida 32608, U.S.A.

pectination, and the female subgenital plate

more strongly sclerotized than in Kristoto-

mus and Orthomiscus and convexly arched

below (Figs. 7-8).

Kerrichia was known by the type species,

K nipponica Mason from Japan. It is re-

ported here from Taiwan. A new species, K
nepalensis, is described from Nepal. A key

is provided to distinguish the two species.

Genus Kerrichia Mason
Figs. 1-8

Kerrichia Mason, 1962. Canadian Ent., 94:

1287.

Type species: Kerrichia nipponica Mason;

original designation.

Taxonomy.— Townes, 1969: 183; Gupta,

1990: 8.

Body length 4.2-7.5 mm. Fore wing 4.2-

7.0 mm long. Mandible widened and some-

what twisted apically, its lower tooth longer

than the upper (Fig. 5). Occipital and hy-

postomal carinae strong, complete and

meeting above base of mandible. Notauli

indistinct. Stemaulus indicated anteriorly.

Petiole long and narrow, gradually widened

toward apex, without glymma (Figs. 3-4).

Petiole stemite fused with the tergite and
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Figs. 1-3. Kerrichia nipponica, male: 1, habitus; 2,

face; 3, propodeum + tergite 1. [After Townes 1969.]

extending up to the level of spiracles. Dor-

solateral carina of petiole interrupted by the

spiracle (Figs. 4, 6). Tarsal claws without

pectination. Ovipositor sheaths short and

broad. Female subgenital plate about as long

as the length of ovipositor (Fig. 7), scooped

or boat-like, strongly sclerotized and con-

vexly arched below (Figs. 7-8).

Egg simple, resembling that of Orthomis-

cus.

Key TO THE Species

Temple black or narrowly yellow on basal half.

Yellow marks on pronotum and scutellum re-

duced, usually confined along pronotal collar.

Meso- and metapleurum black except sometimes

with faint yellow line along stemaulus. Abdomen
color variable. Male, female. Japan, Taiwan. . .

.

K. nipponica Mason
Temple yellowish-white to dorsal level of eye (in-

ner frontal orbits also yellowish-white). Lower half

of pronotum, apex of scutellum, and small marks

on meso- and metapleurum yellowish-white. Ab-

domen with tergite 3 and onwards usually yellow-

ish-brown. Female. Nepal

K. nepalensis new species

Kerrichia nipponica Mason
Figs. 1-6, 8

Kerrichia nipponica Mason, 1962. Canadi-

an Ent., 94: 1287. M, F. key, des., fig.

Type: Female, Japan: Nagano Prefecture:

Kamikochi (AEI, Gainesville).

Male and female.— Flagellum 26-28 seg-

mented (in one male 32-segmented). First

flagellar segment 1 .64-1 .74 x as long as sec-

ond. Ratio of second and third segment

lengths 14:13 or 15:14. Face with well sep-

arated punctures. Clypeus with scattered

punctures. Frons and vertex polished, ex-

cept area lateral to ocelli punctate. Malar

space about 0.25 x as long as basal width

of mandible. Temple convex, widened pos-

teriorly, about as wide as eye. Vertex ele-

vated above top of eyes.

Thorax largely smooth, shiny, but with

moderately dense hairs. Epomia strong but

short. Mesoscutum convex. Propodeum
fully areolated but basal area and areola

confluent (Fig. 3). Combined areola and

basal area about 2.5 x as long wide, nar-

rowed towards, and longer than petiolar

area. Tarsal claws without pectination but

with 2-3 basal bristles. Areolet about 2.0 x

as wide as high, trapezoidal. Nervulus in-

terstitial or slightly distad of basal vein.

Nervellus intercepted at its lower 0.25-0.33.

Abdomen largely subpolished. Postpeti-

ole rugulose. Tergite 2 with sparse punctures

which are sometimes more distinct. Tergite

1 2.8-3.3 X as long as its maximum width,

its spiracles situated at middle, its dorso-

lateral carina interrupted by spiracle (Figs.

4, 6), its dorsolateral carinae variously ex-

tending on postpetiole. Ovipositor sheaths

very short. Ovipositor short, decurved. Fe-

male subgenital plate long, convex, boat-

like (Fig. 8).

Color.— Head and thorax largely black

with face, clypeus, mandibles, malar space,

and lower temple, yellow. Pronotal collar,

hind comer of pronotum, tegula, subtegular

ridge, and sometimes pronotal margins and

mesepistemum, yellow. Some males with

yellow irregular marks on mesopleurum. All

coxae and trochanters largely yellow. Hind
coxa blackish apically. Fore and middle

femora, tibiae and tarsi yellowish-brown,

their dorsal aspects often brownish. Hind
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Figs. 4-8. Kerricha nipponica: 4, propodeum and tergite 1 of holotype female; 5, face and mandible of

paratype male; 6, tergite 1 of Taiwan female; 8, apical abdominal segments and subgenital plate of Taiwan

female; 7, K. nepalensis. apical abdominal segments, ovipositor and subgenital plate.
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femur, tibia and tarsus brownish to brown-

ish-black. Apex of scutcllum brownish or

reddish-brown. Petiole black with an apical

yellow spot. Tergite 2 largely black or black-

ish-brown with gastrocoeli and apical 0.2

yellow. Tergite 3 similar to tergite 2 or large-

ly yellowish-brown with an apical yellow

band, or yellowish-brown with diffused

black marks basally. Rest ofabdominal ter-

gites usually yellowish-brown, particularly

in females, or basally blackish, particularly

in males.

Egg.— Simple, egg stalk short and sub-

apical, anchor small.

Variation.— There is considerable varia-

tion in coloration, particularly the extent of

yellow on the temple and black on the ab-

dominal tergites. Specimens from Japan

have temple narrowly yellow along the low-

er half of the outer eye margin and tergites

2 and 3 black, or blackish basally with yel-

low apical margins. Tergites 3-5 are yellow-

ish-brown with yellow apical margins. Some
males have all tergites brownish with yellow

apical margins. The hind leg is also darker

than in specimens from Taiwan.

Specimens from Taiwan have two types

of color pattern: (1) Temple black except

near malar space, abdomen beyond tergite

2 yellowish-brown, and hind femur and tib-

ia light brownish. These specimens have

tergite 2 a little more strongly punctate and

the petiole appears comparatively stouter.

(2) Temple narrowly to broadly yellow in

lower half, abdominal tergites brown ba-

sally with yellow apical margins, at least

tergites 2 and 3, and hind femur and tibia

dark brown. These specimens have sparse

punctures on tergite 2 (like the typical spec-

imens from Japan), and the petiole is slen-

der. Specimens of the latter color form are

from higher elevations in Taiwan, although

the higher elevation forms usually are more

melanic.

Length.— 4.2-7.5 mm; fore wing 4.2-7.0

mm; ovipositor 0.3-0.4 mm.
Specimens examined.— 10 males and 8

females. JAPAN: Nagano Prefecture: Ka-

mikochi, 1 female (holotype), 26.VII. 1954,

and 4 males (paratypes), 22 to 24. VII. 1 954,

Townes family (AEI, GAINESVILLE).
TAIWAN: Nantou Hsien: Feng Huang Ku,

1000 m, 1 female, 15.IV. 1978; Tungpu,

1000-1200 m, 1 male, 2 females, 28.IV-

2.V.1981, 19-23. VII. 1982, 22. VII. 1982, L.

Y. Chou, T. Lin, C. J. Lee; Meifeng, 2150

m, 1 female, 24-26.VI.1981, K. S. Lin &
W. S. Tang; Tsuifeng, 2300 m, 1 male, 1

female, 3.VI.1980, 5-9.VIII.1981, L. Y.

Chou, S. C. Lin, C. C. Chen; Hose, 100 m,

2 males, 22. VII. 1 982, L. Y. Chou & T. Lin;

Taiheizan (Taipingshan), 1 female,

26.VIL1923, J. Sonan; Chiayi Hsien: Ali-

shan, 2400 m, 1 female, 5-9.VIII.1981, L.

Y. Chou & S. C. Lin (TARI, WUFENG).
Taiwan: Wushe, 1 male, 3.V.1983, and 1

female, 26. IV. 1983, H. Townes (AEI,

GAINESVILLE).
Distribution.— Japan, Taiwan.

Kerrichia nepalensis Gupta,

New Species

(Fig. 7)

Female.— Structurally similar to K. nip-

ponica, and differing as follows: Flagellum

28 segmented. First flagellar segment 1 .73 x

as long as the second. Second and third seg-

ments of equal length. Face comparatively

more shallowly punctate. Nervellus inter-

cepted at lower 0.15. Nervulus and nervel-

lus more inclivous. Areolet about 1.5 x as

long as wide. Ovipositor and subgenital plate

as in Fig. 7.

Color. — Black with yellowish-white

markings on head and thorax, and abdomen
beyond tergite 2 orange-yellow. Temple yel-

lowish-white to dorsal level of eye. Inner

frontal orbits also yellowish-white. Lower

halfof pronotum, hind corner of pronotum,

propleurum, tegula, subtegular ridge, apex

ofscutcllum, and small marks on meso- and

metapleurum yellowish-white. Coxae, tro-

chanters, and bases of fore and middle fem-

ora yellowish-white. Hind coxa with apical

black marks. Fore and middle femora and

tibia yellowish-brown, their tarsi darker.
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Hind femur, tibia and tarsus brownish. Ter-

gite 1 black with area around spiracle and

apex yellow. Tergites 2 orange-yellow and

with brownish tinge on basal 0.6, its apical

margin broadly yellow. Tergite 3 and on-

wards orange-yellow with their apical mar-

gins narrowly yellow.

Egg.—As seen on ovipositor (Fig. 7), slen-

der, about 2.5 X as long as wide.

Male.— Unknown.
Length.— 5.6 mm; fore wing 5.2 mm; ovi-

positor 0.32 mm.
Holotype.— Female, NEPAL: Kathman-

du Valley: Phulchowki, 7300 ft. (2225 m),

27.Vn.1967, Malaise trap, Canadian Nepal

Expedition (CNC, OTTAWA).
Distribution.— Nepal.
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Abstract. — I>\xnn% a revision oi Stenelmis in the Nearctic region, S. maerkelii Mot-

schulsky and S. vittipennis Zimmermann were found to be synonymous with S. bicarinata

LeConte, based on examination of type specimens. A lectotype is designated for S. vit-

tipennis; details leading to the discovery and designation of the lectotype are provided.

Correct and erroneous references in the literature for these three taxa are documented.
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When Sanderson (1938) revised Stenel-

mis in North America he keyed and rede-

scribed S. bicarinata LeConte 1852, S.

maerkelii Motschulsky 1854, and S. vitti-

pennis Zimmermann 1869. Subsequent

studies used his concepts of these species

until Brown (1987) discovered that the ho-

lotype of S. bicarinata differed from San-

derson's description of the species, and he

deferred the redescription of S. bicarinata

to Schmude. While revising Nearctic Ste-

nelmis the senior author found that the lec-

totype of S. maerkelii and what is presumed

to be the type of 5". vittipennis are the same
species as the holotype of 5". bicarinata. The
presumed type (see following discussion) of

S. vittipennis also differs from Sanderson's

concept of that species. We believe the spe-

cies that Sanderson described as S. vittipen-

nis is a phenotypic variant within the broad

geographical range of S. grossa Sanderson.

To promote correct identification of species

in future publications, including one we have

prepared on the riffle beetles of Wisconsin,

we are synonymizing S. maerkelii and S.

vittipennis with S. bicarinata. Thus, species

identified as S. maerkelii using published

keys and descriptions (Sanderson 1938,

Brown 1972) are S. bicarinata and those

identified as S. vittipennis are probably S.

grossa Sanderson. A detailed discussion de-

scribing events leading to this synonymy
follows.

Stenelmis maerkelii.— In 1987 the lec-

totype from the Zoological Museum of the

Moscow State University, U.S.S.R. was ex-

amined by the senior author, who agreed

with Sanderson's (1938) concept of this spe-

cies.

Stenelmis bicarinata. —Bro'wn (1987) dis-

covered that the holotype did not represent

the species Sanderson (1938) redescribed

and discussed, and he described S. cheryl

{S. bicarinata sensu Sanderson). Brown re-

ported that the holotype of S. bicarinata, a

male specimen, lacked a spinous ridge on

the mesotibia. Upon examining the holo-

type in 1989, we were surprised to find that

it had a spinous ridge on the mesotibia, and

furthermore, we concluded that it was con-

specific with the type of S. maerkelii. We
discussed the situation with Dr. Brown, who
agreed that he had somehow erred in his

diagnosis. Brown had examined material he

believed to be S. bicarinata from a broad

geographical range in the central and south-
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eastern U.S. This material includes two new
species (males of both lack the mesotibial

ridge) that will be described later. One of

these species was mistakenly referred to as

S. bicahnata (Barr and Chapin 1988).

Stenelmis vittipennis.—The type speci-

men, which was collected in South Carolina

(Zimmermann 1869), was reported by San-

derson (1938: 704) to be in the LeConte
collection at the Museum of Comparative
Zoology (MCZ), Harvard University. The
senior author examined all specimens of

Stenelmis in the MCZ collection and the

only Stenelmis in the LeConte collection

with a South Carolina locality label was the

holotype of S. linearis Zimmermann, the

other species of Stenelmis described by

Zimmermann (1869). In the MCZ's main
collection a single Stenelmis with an "S.C."

locality label was found. This beetle and the

holotype of 5". linearis have nearly identical

labels. Both have a small, printed, "S.C."

locality label, a small label with a hand-

written number (7801. and 7857., respec-

tively), and a large handwritten determi-

nation label "Stenelmis (underlined)

vittipennis Zim.," and "Stenelmis (under-

lined) linearis Zim." These old labels are

arranged in the same order on their pins,

and the handwriting on the corresponding

labels is identical. The only difference is the

additional red, TYPE label on the specimen

of 5". linearis. Hagen (1889: 57) states in his

biography ofZimmermann that "a great part

(of Zimmermann's collection) is in Le-

Conte's collection, and can be recognized at

once by the numbers on the pins in Zim-
mermann's hand-writing." The number la-

bels described above are likely those re-

ferred to by Hagen.

Most other institutional collections were

examined for specimens of Stenelmis and
one similarly labelled individual was found

in the Snow Museum collection. University

of Kansas; it bears a label indicating prior

housing in the MCZ. This beetle is a spec-

imen of S. sinuata LeConte (listed in San-

derson 1938: 701), and it was probably ob-

tained by Dr. Sanderson when he worked
on his revision at the University of Kansas.

It bears an identical "S.C." locality label,

an identical number label (7800.) in the same
handwriting as those mentioned above, and
two labels that read "Com. Type Stenelmis

sinuata Lee. P. J. Darlington" and "Har-

vard College Collection."

The above circumstances lead us to be-

lieve that the specimen found in the main
MCZ collection is the unmarked holotype

of 5. vittipennis, or at least a part of the type

series. Instead of having been given directly

to LeConte, this beetle could have been part

ofZimmermann's collection that was bought

by Lewis and sold to Crotch, who in turn

sold it to the MCZ (Hagen 1889: 57). Be-

cause Zimmermann did not designate a ho-

lotype or indicate he was examining a single

individual when describing his species, we
are designating this specimen as the lecto-

type to stabilize nomenclature. It is labelled:

"S.C."/"780 1 ."/"Stenelmis (underlined)

vittipennis Zim."/"LECTOTYPE STE-
NELMIS VITTIPENNIS Zimmermann
Det. K. Schmude 1990 (red label)." Bright

(1976: 187), under nearly identical circum-

stances, designated a lectotype for Pityoph-

thorus pullus (Scolytidae), another species

described by Zimmermann.
Through correspondence with Dr. San-

derson we learned that he compared the type

of 5". vittipennis with several of his own spec-

imens and realized later that he had not

sufficiently studied his material before mak-
ing these comparisons. Consequently, what

he ultimately erroneously redescribed as S.

vittipennis differed from the type and had a

more northern distribution.

Stenelmis bicarinata LeConte

Stenelmis bicarinatus LeConte 1852: 44.

[nee Sanderson 1938: 679, Brown 1972:

20, Brown 1983: 10, Barr and Chapin

1988: 136]

Stenelmis maerkelii Mo\sc\\n\sky 1854: 12,

1859: 50 (as Stenelmis Mdrkelii) New
Synonymy.
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S. maerkeli ZaiizQy 1910: 23

S. mdrkelii Sanderson 1938: 705

S. markelii La Rivers 1949: 221

S. markeli Sanderson and Brown 1959:

67

Stenelmis vittipennisZimmcnnan 1869: 259

New Synonymy.
[/?^c Sanderson 1938: 702, Brown 1972:

21, Brown 1983: 12]

A description of S. bicarinata appears in

Sanderson (1938) as S. maerkclii\ a rede-

scription will appear in the impending re-

vision by Schmude and HilsenhofF(in prep.).

Current records indicate that the range for

this species includes the northern areas of

the western Great Lakes region, Quebec
south to northern Georgia, Alabama, and

Mississippi, and west into the Ozarks.

What Sanderson (1938) considered to be

S. vittipennis has a wide geographical range

with considerable morphological variation,

even within populations. This variation falls

within that of 5". grossa, a south-central U.S.

species, and S. vittipennis sensu Sanderson

should be referred to as S. grossa. This prob-

lem will be dealt with in greater detail in

the revision.
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RHIZOMES OF EQUISETUM LAEVIGATUM
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Abstract.—k new species, Anoecia equiseti (Homoptera: Aphididae), was found on

rhizomes of Equisetum laevigatum in Canyon County, Idaho. It differs from other species

oiAnoecia in the number and distribution of setae on the ultimate rostral segment, usually

in having a longer ultimate rostral segment, and in its biology.

Key Words: Aphididae, Anoecia, Equisetum

An unusual aphid was found on the rhi-

zomes of Equisetum laevigatum at several

locations in Idaho. It was found to be in the

genus Anoecia, but could not be matched

with any described species. A description

and notes on its biology follow.

Anoecia equiseti. New Species

Description

Apterous viviparous females (Fig. 1):

Color ofliving specimens: Body ofnymph
light cream-colored with no markings; adults

slightly darker with grey dashes centered on

abdominal segments VI-VIII and grey mar-

ginal sclerites. Legs and antennae light

brown, darker distally. Siphunculi dark.

Abdomen sometimes with pairs of dark

pleural spots.

Color ofmountedspecimens: Body ofadult

pale with light brown centered dashes on

abdominal segments VI-VIII and light

brown marginal sclerites. Abdomen often

with pairs of brown pleural spots. Sub-gen-

ital plate pale, usually with well defined pos-

terior and lateral margins. Head light brown.

Antennal segment III paler than other seg-

ments. Mid-portions of tibiae concolorous

with body and lighter than other segments

in legs. Rostrum gradually darker distally.

Siphuncular rims dark brown. Some spec-

imens have weak anterodorsal siphuncular

sclerites.

Morphology: Body length: 2.1-2.4 mm
(Table 1). Secondary rhinaria on antennae

(Fig. 2): 111:0; IV:0-1; V:0; VI:0. Rhinaria

round or irregularly shaped and without dis-

tinct rim. Lengths of antennal segments:

III-0.20-0.29 mm; IV-0.06-0.12 mm;
V-0.10-0.13 mm; VI (base)-O.l 1-0.15

mm; processus terminalis— 0.03-0.05 mm.
Antennal segments I and II have 6-25 and

23-29 setae respectively. Processus termi-

nalis conical with 5-9 setae. Ultimate ros-

tral segment with 1 7-24 accessory setae (Fig.

3) and 0. 1 6-0. 1 8 mm long. Ultimate rostral

segment with about 14 setae aligned along

the stylet grooves, and always with others

scattered on the rest of the segment. Num-
ber of facets in eyes variable, 3 (triomati-

dion only) to 50 with a distinct triomati-

dion, similar to variation observed in

European Anoecia (Zwolfer 1957). Frontal

tubercles not developed. Flat, round lateral

tubercles usually present on prothorax and

abdominal segments I-IV and VII, and

sometimes present on segments V and VI.

Occasional extranumerary tubercles some-
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m
Fig. 3. Anoecia equiseti, n. sp. Apterous viviparous

female. Ultimate rostral segment. Fig. 4. Anoecia equiseti, n. sp. Alate viviparous fe-

male with vestigial wings.

Color of mounted specimen: Abdominal
segments II-VIII with light brown centered

dorsal dashes and light brown sclerotized

areas laterally, around the siphuncular rims

and posteriorly. Dorsal dashes increasing in

length posteriorly, broken anteriorly. Ap-

pendages light brown. Thorax, head and si-

phuncular rims dark brown.

Morphology: As for viviparous females

with vestigial wings except as follows: An-
tennal segment III with 1-2 rhinaria. Lengths

of antennal segments are: III— 0.25; IV—
0.08; V— 0.10, VI (base + processus ter-

minalis) - 0.11 + 0.06 (Table 1). Com-
pound eyes fully developed with triomati-

dion. Pterothorax well developed. Wings
slightly fuscous and about equal in length

to body length. Radial sector distinctly S

curved; media once branched, as is typical

in Anoecia. Abdominal segment VI with

fewer setae than in other forms. Measure-

ments are similar to those of apterous vi-

viparae except that hind tarsal segment II

is shorter (0.14 mm).

Oviparous female:

Color.— As for apterous viviparae except

dorsal dashes may be missing and lateral

sclerites much paler than those of apterous

viviparae.

Morphology: Body shorter than apter-

ous viviparae (1.8-2.0 mm), otherwise sim-

ilar to apterous viviparae except antennal

segments, especially segment III, tend to be

shorter (Table 1). Eyes with only 3 facets.

Setation similar to apterous viviparae, ex-

cept for a tendency toward fewer setae on
antennal segments I and II, abdominal seg-

ment VI and subgenital plate. Hind tibiae

are not swollen, and no pseudosensoria are

present.

Types

Holotype:

Holotype is on deposit at the United States

National Museum. It is an apterous vivip-

arous female collected by Susan Halbert and

June Connelly on Equisetum laevigatum A.

Braun on 3 VI 86 (Table 1).

Morphotype:

An alata with vestigial wings collected by

S. Halbert on 9 IX 86 at Apple Valley and

Hurtz Roads is designated as a Morphotype

because this morph occurs very commonly.

It is also deposited at the USNM.

Type locality:

Apple Valley and Hurtz roads 5 km
northwest of Parma, Idaho (T6N; R5W;
Section 30).
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Fig. 5. Anoecia equiseti, n. sp. Alate viviparous fe- Fig. 6. Anoecia setariae Gillette & Palmer. Apter-

male. ous viviparous female. Ultimate rostral segment.

Paratypes:

Apterae collected from Equisetum laevi-

gatum at Apple Valley and Huilz Roads by

S. Halbert and J. Connelly on 20 VIII 85

(collection 1) and vestigial alatae from the

same location collected by S. Halbert and

J. Connelly on 1 1 VI 86 are deposited at the

University of Idaho main campus at Mos-
cow, Idaho and at the Canadian National

Museum. Apterae and alatae with vestigal

wings from Collection 1 are deposited at the

British Museum of Natural History and the

Illinois Natural History Survey. The re-

mainder of the paratypes are in possession

of the author. In addition to the initial col-

lection on 20 VII 85 Anoecia equiseti was
collected from the location at Apple Valley

and Hurtz on 15 V 86, 3 VI 86, 19 VII 86,

and 1 9 IX 86. Anoecia equiseti has also been

found 6.3 km south of Parma at Rodeo and
Dixie Rds. (T4N; R5W; Section 4) on 16 X
85, and at the Windell HoUoway Farm 6.3

km north of Middleton, Idaho (T5N; R3W;
Section 13) on 29 VI 86. The extent of the

distribution of this species is unknown.

Name

The aphid is named for its unusual host

plant. The name is the genitive singular form

of Equisetum.

Comparison with other species in the

genus Anoecia

Anoecia equiseti differs from Anoecia

cornicola (Walsh) and Anoecia corni (Fa-

bricius) in the absence of a dorsal quadrate

patch on the alatae and in that it does not

overwinter on Cornus. Anoecia equiseti dif-

fers from Anoecia graminis Gillette & Palm-

er and Anoecia oenotherae Wilson in having

more setae on the ultimate rostral segment.

It further differs from Anoecia oenotherae

in having straight or slightly curved setae

as opposed to setae bent at right angles which

are characteristic of Anoecia oenotherae.

Anoecia graminis has more antennal rhi-

naria than Anoecia equiseti and a diagnostic

fingerlike processus terminalis not present

in Anoecia equiseti. Both the identity and

the biology ofAnoecia panici (Thomas) are

unknown. There are no types (Hottes and

Prison 1931), and the original description

(Thomas 1878) is poor and may, according

to Thomas, even be based upon an imma-
ture specimen. Thus, there is no way to

compare it with Anoecia equiseti.

Anoecia equiseti is quite similar morpho-

logically and biologically to Anoecia setar-

iae Gillette & Palmer from which it can be

separated by the number and arrangement

of setae on and usually by the length of the
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ultimate rostral segment, and by host pref-

erence. The ultimate rostral segment oi^An-

oecia equiseti, excluding oviparae, is 0.16-

0.18 mm long, while that ofA noecia setar-

iae is 0. 1 3-0. 1 6 mm long, with Anoecia se-

tariae alatae with vestigial wings falling at

the upper end of that spectrum. {Anoecia

setariae measurements are based on 47

specimens from 10 different collections in-

cluding collections from Echinochloa crus-

galli, Hordeum jubatum and Setaria viri-

dis.) All of the Anoecia equiseti examined

had 1 5-24 setae on the ultimate rostral seg-

ment with two rows along the stylet grooves

and others scattered on the rest of the seg-

ment. Anoecia setariae had only 5-12 setae,

all of which were in rows along the stylet

grooves. (Fig. 6).

Experiments showed that Anoecia equi-

seti placed on Echinochloa crusgalli roots

(host of Anoecia setariae) in plastic con-

tainers did not feed. Anoecia setariae placed

on Equisetum laevigatum rhizomes died or

languished at the bottom of the container

until a fresh Echinochloa crusgalli root was

introduced, after which those which were

still alive began to feed and reproduce on

the fresh root. Ants found associated with

aphid colonies were included in the con-

tainers.

Key to Anoecia reported in

North America

1. Alata with dorsal quadrate patch; holocyclic

on Cornus 2

r. Alata with dorsal dashes but no solid patch;

species not associated with Cornus 3

2. Rhinaria on antennal segment III strongly

transverse A. corni

2'
. Rhinaria on antennal segment III round . .

.

A. cornicola

3. Setae on head conspicuously bent so they lie

parallel with the surface from which they arise

A. oenotherae

y . Setae on head not bent; perpendicular to the

surface from which they arise 4

4. Processus terminalis constricted at the base

and fingerlike; apterous viviparae usually with

well defined rhinaria on antennal segments III-

VI; ultimate rostral segment with 4 accessory

setae 4. graminis

4'. Processus terminalis conical and not constrict-

ed at the base; apterous viviparae with occa-

sional rhinaria with indistinct rims on segment

IV only; ultimate rostral segment with more
than 4 accessory setae 5

5. Ultimate rostral segment with 5-12 accessory

setae arranged along stylet grooves; living on
Gramineae A. setariae

5'. Ultimate rostral segment with 15-24 acces-

sory setae, some of which are not along stylet

grooves; living on Equisetum A. equiseti

Biology and Comments

Anoecia equeseti was found about 15 cm
underground on rhizomes ofEquisetum lae-

vigatum. Colonies were sometimes clus-

tered just below the bud for the next sea-

son's growth and sometimes on straight

rhizomes between joints. In situ, these pale

aphids make a striking contrast to the dark

rhizomes of the host plant.

In the autumn, both Anoecia equiseti and

Anoecia setariae produce a generation of

alatae, the majority of which have vestigial

wings. I examined more than 100 colonies

of Anoecia setariae from Canyon County,

Idaho collected from Echinochloa crusgalli

in September and October, 1986 and found

abundant alatae with vestigial wings but only

a few alatae which might be capable of flight.

Occasionally alate Anoecia setariae are also

collected in the Western Regional Suction

Trap Network in early summer. The single

alaie Anoecia equiseti with nearly functional

wings emerged in late June. Emergence traps

placed over the most heavily infested patch

ofEquisetum laevigatum never collected any

alate Anoecia equiseti, nor did a yellow wa-

ter pan trap also placed in the patch. Col-

onies of both species may produce a few

flight-capable alatae in late spring and again

in the fall. Evidently, the vestigial wings are

an adaption for living underground. This is

in agreement with Baker and Turner (1916)

who suggest that intermediate forms will

occur when a taxon is in the evolutionary

process of losing wings.

Oviparae of Anoecia equiseti were ob-

tained by rearing progeny of the 20 VIII 85
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collection in plastic containers for about 2

months. Eggs were observed in October,

1985. Eggs of Anoecia setariae were ob-

served in September, 1986. In neither case

were eggs attached to plants. Ants gathered

eggs ofA noecia setariae and may also gather

eggs of A noecia equiseti, but this behavior

was not observed. It is unknown whether

eggs were viable. One A noecia setariae

nymph which may be a male was found. No
males of Anoecia equiseti were found.

Ants were observed to search out and car-

ry Anoecia setariae but not Anoecia equiseti.

Ants associated with colonies of both spe-

cies were all in the genus Lasius.

Other species ofAnoecia which may have

similar biological relationships (monoe-
cious on roots and producing eggs under-

ground) incXudQ Anoecia zirnitsi Mordvilko,

Anoecia pskovica Mordvilko, Anoecia gra-

minis and Anoecia oenotherae (Palmer 1 952,

Heie 1980). Malts ofAnoecia graminis and

Anoecia oenotherae are unknown. Males of

Anoecia pskovica are rare (Heie 1980).

Zwolfer (1 957) suggests that Anoecia zirnitsi

produces parthenogenetic eggs.

Only two other species of aphids are

known to infest Equisetum: Aphis equise-

ticola Ossiannilsson and Sitobion equiseti

Holman (Ossiannilsson 1964). Both of these

are found on the aerial parts of the plant

and are reported from British Columbia
(Forbes and Chan 1989) but not from the

United States. Though Equisetum is a prim-

itive plant, and Anoecia may be a primitive

aphid genus (Shaposhnikov 1987), the as-

sociation between Anoecia equiseti and its

host is probably relatively recent.
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Abstract. —The two genera Pleseobyrsa Stal and Stragulotingis Froeschner are reviewed

taxonomically with a dorsal habitus drawing of the type-species of each. P. bicincta Monte

and P. lichyi Monte are newly transferred to Stragulotingis and two new species are

described: P. nigribasis from Colombia and S. englemani from Panama. A short review

of known host plants is included. A key to the species of each genus is provided.

Key Words: Heteroptera, Tingidae, Pleseobyrsa, Stragulotingis, new species, keys

The genus Pleseobyrsa Stal was cataloged

by Drake and Ruhoff (1965: 341-343) as a

member of tribe Tingini with nine species.

Subsequent study by Froeschner (1969)

found that two of these species, P. atratarsis

Drake and Hambleton and P. plicata

(Champion), possessed the enlarged tarsi

that Drake and Ruhoff (1965: 18) used to

characterize their new tribe Litadeini; he

therefore transferred them into that tribe

and proposed the new genus Stragulotingis

for them.

Now, through the kind cooperation of Dr.

Jose C. M. Carvalho, Museu Nacional, Rio

de Janeiro, I was able to examine the ho-

lotypes of Dr. Oscar Monte's two species P.

bicincta and P. lichyi, the only species of the

cataloged Pleseobyrsa for which I had not

yet seen the types. Both were found to be-

long to the genus Stragulotingis and are so

placed and keyed below.

When Monte proposed his new species

Pleseobyrsa lichyi he explained it was based

on the Venezuelan specimen he had for-

merly (1942: 97) identified as P. plicata and

that the Venezuela record for the latter spe-

cies should be deleted. Drake and Ruhoff,

however, overlooked this explanation and

entered the earlier Monte reference and

Venezuela under P. plicata; that citation and

record should be transferred to Stragulotin-

gis lichyi.

The Drake and Ruhoff (1965) catalog

summarized the host information on lace

bugs. For the present two genera they listed

P. chiriquensis (Champion) from Persea

americana Britton and Wilson, and an in-

terception of S. plicata (Champion) on a

shipment of the orchid Cattleya dowiana

aurea Williams and Moore. Host records

on specimens collected since that time in-

clude two Colombian collections of P. chi-

riquensis from Persea americana Miller; one

Bolivian collection ofP. boliviana from that

same host; and the entire series of the new
species P. nigribasis labeled as from "Ara-

ceae."

All measurements in this paper are given

in millimeters.

Tribe Tingini Laporte

Genus Pleseobyrsa Drake and Poor

Pleseobyrsa Drake and Poor, 1937: 165.

Type-species: Leptohyrsa boliviana Drake

and poor, original designation.
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Fig. I. Pleseobyrsa holiviana 9. Natural length 3.7

mm.

- Lateral carinae ofpronotum not extending onto

posterior triangular projection of pronotum,

terminated remotely from its lateral margin . . 3

3. Medial carina on triangular posterior projec-

tion ofpronotum slightly elevated with a single

row of small but distinct cells extending vir-

tually to its apex. Length 3.7-3.9.

(Bolivia) boliviana Drake & Poor
- Median carina on triangular posterior projec-

tion ofpronotum reduced to a low carina with-

out cells 4

4. Pronotal collar forming a low but distinct tec-

tate anteromedian cyst, latter projecting be-

tween occipital spines as a broadly obtuse an-

gle. Length 4.3. (Peru) peruana Drake
- Pronotal collar without a distinct cyst, anterior

margin transverse, not projecting 5

5. Antennal segments I and II and femora dark

brown to black. Length 4.2-5.1. (Colombia)

nigribasis new species

- Antennal segments and legs wholly yellowed.

Length 3.2-3.9. (Panama)

chiriquensis (Champion)

Members of this genus show certain dif-

ferences between the sexes. The abdomen
of the female is much broader than that of

the male and is accommodated by a marked
broadening of the hemelytra, especially the

subcostal and discoidal areas. The shape of

the apex ofthe discoidal area may also differ

in the two sexes: In the male the apical angle

ofthe discoidal area is displaced laterad (to-

ward costal margin) whereas in the female

it is placed more centrad. These differences

must be considered when working with de-

scriptions of species based on only one sex.

Key TO Pleseobyrsa Species

1

.

Lateral carinae of pronotum absent. Occipital

spines elongate, decumbent, reaching to mid-

length ofeye. Length 3.2-3.7 (Guatemala, Pan-

ama) nigriceps (Champion)
- Lateral carinae of pronotum low but distinct,

sometimes present only on anterior slope of

interhumeral convexity. Occipital spines very

short, sometimes tubercle-like, suberect 2

2. Lateral carina of pronotum extending onto

posterior triangular projection ofpronotum and

nearly or quite reaching middle third of its lat-

eral margin. Length 4.1. (Peru)

ablusa Drake & Hambleton

Pleseobyrsa nigribasis Froeschner,

New Species

Diagnosis: This is the only species ofPle-

seobyrsa with the bases ofthe antennae (seg-

ments I and II) and of the legs (femora)

blackened— hence the species name.

Description. — Length 4.2-4.5; greatest

width, near apical third of hemelytra, 2.9-

3.3.

Holotype male: Head black; width vs.

length 6.40:0.25; interocular width 0.24.

Genal spines yellow, about as long as an eye,

subhorizontal, tapering, slightly incurved.

Supraclypeal median spine very short, sub-

erect. Occipital spines short, gray tuber-

cules. Antennal segments I, II, and IV (ex-

cept very base) black; III yellow. Bucculae

yellow. Pronotum dark brown, calli black;

longitudinal carinae, narrow anterior mar-

gin, and veins of paranota yellow; paranotal

cells hyaline. Hemelytra with most veins

distinctly embrowned except some along

edges ofdiscoidal area, in base ofcostal area

and pale band across combined hemelytra

beyond apex of discoidal area which are

white; cells, except those in pale areas in-

dicated above, distinctly enfumed; with
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prominent brown areas occupying most of

discal and subcostal areas, a large spot be-

yond discoidal area, and a transverse band

in costal area near apex of discoidal area.

Legs with femur dark brown to black, tibia

and base of tarsus yellow. Venter black with

sternal carinae and apex of abdomen paler.

Paranotum triseriate apically, becoming

uniseriate around humeri; cells hyaline.

Longitudinal carinae low, distinct: median

carina with a single row of tiny cells from

anterior end to pronotal convexity, thence

without cells on the posterior pronotal pro-

jection; lateral carinae restricted to pronotal

convexity, each with a single row of tiny

cells. Hemelytral cells variable in size and

arrangement, those in hyaline areas and dark

markings smaller, more numerous; costal

area 4-5 cells wide basally, uniseriate at

apex; subcostal area quadri- to quinqueseri-

ate along discoidal area; latter with six cells

across widest part.

The paratypes conform well to the above

description except that the discoidal and

subcostal areas ofthe females are noticeably

wider than in the males.

Holotype male: Colombia: "Encamacion
(Ant.), en Araceae, Die. 1980, A. Madrigal

C." Deposited in United States National

Museum of Natural History. Paratypes: 18

males, 2 females, same data (deposited in

the Universidad Nacional, Medellin, Co-

lombia and the U.S. National Museum of

Natural History).

Tribe Litadeini Drake and Ruhoff

Genus Stragulotingis Froeschner

Stragulotingis Froeschnev, 1969: 130. Type-

species: Leptobyrsa plicata Champion,
original designation.

The expansion ofthe genus Stragulotingis

by the above-noted transfer of Pleseobyrsa

bicincta and P. lichyi plus the following de-

scription of a new species make desirable a

new list of the included species as well as a

new key for their separation.

Fig. 2. Stragulotingis plicata 9. Natural length 3.2

List of Species

Stragulotingis atratarsis (Drake and Ham-
bleton).

Pleseobyrsa atratarsis Drake and Ham-
bleton,'l946: 124 [Brazil].

Stragulotingis atratarsis. —Froeschner,

1969: 132.

Stragulotingis bicincta (Monte), new com-
bination.

Pleseobyrsa bicincta Monte, 1946: 283

[Brazil].

Stragulotingis englemani new species

Stragulotingis lichyi (Monte), new combi-

nation.

Pleseobyrsa lichyi Monte, 1945: 251

[Venezuela].

Stragulotingis plicata (Champion) (figure 2).

Leptobyrsa plicata Champion, 1897: 26

[Panama].

Pleseobyrsa parana Drake and Hamble-
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Figs. 3-4. 3, Stragulotingis engleniani. head and

prothorax. 4, Stragulotingis bicincta, head and protho-

rax.

ton, 1944: 95 [Brazil]. Synonymized by

Drake and Ruhoff, 1965: 343.

Strangulotingis plicata. — Froeschner,

1969: 132.

Key TO Stilagulotingis Species

\. Strongly tectate elevation on collar (in lateral

view) distinctly higher than carina over convex

pronotal disc. Outer limiting vein of discoidal

area prominently tectately elevated, in lateral

view distinctly higher than median carina on

triangular posterior projection of pronotum . . 2

- Tectation ofcollar low, not higher than median

carina over convex pronotal disc. Outer lim-

iting vein of discoidal area low, in lateral view

lower than median carina on triangular pos-

terior projection of pronotum 3

2. Paranotum with anterior lobe broadly rounded

(Fig. 3). Discoidal area on posterior half wider

than subcostal area. Length 3.2

engleniani new species

- Paranotum with anterior lobe narrowly round-

ed (Fig. 4). Discoidal area on posterior half

narrower than subcostal area. Length 3.1 ...

bicincta (Monte)

3. Lateral carina on pronotum moderately ele-

vated into a low lamina containing a row of

small but distinct cells, at least anteriorly. Tar-

sus yellow, concolorous with tibia, sometimes

slightly darkened apically. Length 3.0-3.3 . .

plicata (Champion)

- Lateral carina on pronotum absent or obso-

letely developed but without cells. Tarsus

black 4

4. Convex anterior margin of pronotum project-

ing to imaginary line connecting anterior mar-

gins ofeyes. Overlapping margins ofhemelytra

beyond apex of discoidal area noticeably con-

vex for full length. Length 3.6

atratarsis (Drake and Hambleton)

- Convex anterior margin of pronotum project-

ing only to imaginary line connecting mid-

points ofeyes. Overlapping margins ofhemely-

tra beyond apex of discoidal area distinctly

straight for much of their length. Length 3.2

lichyi (Monte)

Stragulotingis englemani Froeschner,

New Species

Fig. 3

Diagnosis: This new taxon differs from all

other species of the genus in the combina-

tion of the median tectation of the collar

being higher than the median pronotal ca-

rina passing over the pronotal convexity plus

paranotal margin posterior to anterior para-

notal lobe being shorter than the width of

that lobe (compare Figs. 3 and 4).

Description: Holotype female. Length

3.27; greatest width 2.4.

Head yellow, width versus length, 0.36:

0. 1 4; interocular width 0. 1 7. Cephalic spines

almost white, elongate: jugal pair porrect,

straight, parallel, tapering, attaining apical

fourth of first antennal segment; supraclype-

al median spine porrect, tapering, reaching

almost to apex ofjugal spines; occipital spine

terete, decurved along inner margin of eye,

slightly surpassing antennal insertion. An-

tennal segments, I, 0.19; II, 0.08; III, 0.68;

IV, 0.51; segment I with numerous stout

hairs a little longer than diameter of seg-

ment; segments II-IV with numerous more
slender hairs 2-3 times as long as diameter

of supporting segment. Labium yellow, its

black apex reaching between middle coxae.

Pronotum tricarinate; median carina low,

containing a single row ofelongate cells; lat-

eral carinae slightly lower than median ca-

rina, restricted to pronotal convexity, with

a few elongate cells in middle third. Median
tectation of collar higher than median ca-

rina over interhumeral convexity of pro-

notum. Anterior margin forming a broad,

blunt triangle over base of head. Paranotum

with anterior two-thirds forming a broad,

oblique lobe extending beyond apex of head,

diagonal width of that lobe greater than
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length of paranoial margin posterior to it

(Fig. 3, compare with Fig. 4).

Hemelytral color pattern much as in S.

plicata (compare with Fig. 1). Costal area

in basal half with about six rows of very

irregular cells, rows progressively fewer in

apical half. Subcostal area about one-third

as broad as costal area and two-thirds as

wide as greatest of discoidal area. Subcostal

and discoidal areas each with six cells across

greatest width.

Venter yellow brown, legs paler with ex-

panded tarsal segment ofanterior leg brown.

Holotype female, "Panama: Gatun Spill-

way, Canal Zone, December 28, 1975, coll.

D. Engleman." Deposited in the United

States National Museum of Natural His-

tory.

This species is named after the collector

ofthe holotype. Dr. Dodge Engleman whose
personal studies and cooperation with oth-

ers are helping to increase our knowledge of

Neotropical Heteroptera.
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FLIGHT RECORDS FOR TWENTY-EIGHT SPECIES OF MACROPHYA
DAHLBOM (HYMENOPTERA: TENTHREDINIDAE) IN

VIRGINIA, AND AN UNUSUAL SPECIMEN OF M. EPINOTA (SAY)

David R. Smith

Systematic Entomology Laboratory, PSI, ARS, U.S.D.A., % National Museum of Nat-

ural History, NHB168, Washington, D.C. 20560.

Abstract. —Twenty-eight species ofthe sawfly genus Macrophya Dahlbom were collected

in a 500 acre site in Virginia over a five year period. Peak annual flight periods ranged

from the end of April to the first of July, but most occurred in June. A morphologically

unusual female ofM. epinota (Say) is noted that has an unusual, deep pit below the medial

angle of the mesepistemum.

Key Words: Macrophya, sawflies, flight records

Sawflies of the genus Macrophya Dahl-

bom are a common sight in the spring in

the eastern temperate regions of North

America. Individuals are relatively large, 6

to 12 mm long, and most are black with

whitish markings, though some have com-
binations of yellow, orange, and red. They
can be seen in shrubby areas in open forests

and along forest edges. During five years of

field work at a locality in the Virginia Pied-

mont, I collected 3265 specimens of 28 spe-

cies which represent 60% of the North

American fauna. All species were treated by

Gibson (1980) who recognized 46 species

in North America, 44 east of the Rockies.

Ofthe 23 species he recorded from Virginia,

all except M. masneri Gibson were collected

from this single site. Six of the species col-

lected are new Virginia records (Table 1).

All species of Macrophya are known to

fly in the spring, but little information is

available on annual peak flight periods and

comparison of flight times for so many spe-

cies from a single locality. The data pre-

sented here may pertain to other geograph-

ical areas also, though the times may vary

depending on the latitude and altitude.

The collection site was within a 500 acre

area in Louisa Co., Virginia, about four miles

south ofCuckoo. Townes-style Malaise traps

(Townes 1962) were in continuous opera-

tion from mid-March to mid-October from

1985 through 1989. Traps were serviced ev-

ery one to three weeks, depending on the

weather. Up to 1 2 traps were used in a single

season. Most were placed in areas with a

rich diversity of vegetation, such as open

woods or woods-edge habitats. Species of

Sambucus and Viburnum, known hosts for

some Macrophya, were common in several

trap areas.

The species collected, species new for Vir-

ginia, numbers of specimens taken over the

five year period, recorded host genera (from

Gibson 1980), and flight times are given in

Table 1. Most all species could be found

from the end ofMay to the end ofJune, and

many had peak flight periods during that

time. Macrophya pannosa had the earliest

peak flight period, during the end of April,

and M. bifasciata, M. cassandra, M. flavo-

lineata, and M. mixta followed in May.

Macrophya albomaculata had the latest

flight period, from the end of June through
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Table 1. Flight records of 28 species of Maaophya in Louisa Co., Virginia. An "X" indicates early or late collection

records of one or several individuals during one or more years. An asterisk (*) indicates a new state record for Virginia.

M. flicta MacGillivray

{Pwnus]

M. iorwosa (Klug)

M. fuliginea Norton

(Castanea)

M. goniphora (Say)

M. lineatana Rohwer

M. macgillivrayi Gitson

M. maculilabhs Konow

{Sambucus)

M. masoni Gibson*

M. mensa Gibson

M. mixta MacGillivray*

M. nigra (Norton)

M. nigristigma Rohwer

{Caryal)

M. pannosa (Say)

{Sambucus)

M. polchella (Klug)

M. senacca Gibson*

M. t/b/ator Norton

M. trisyllaba (Norton)

(Sambucus)

M. varia (Norton)

M. zoe Kirby
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Fig. 1 . Ventrolateral view of thorax of M. epinota

showing deep pit below medial angle of mesepister-

num. Anterior is to the left; white in front is a foreleg.

Scale line = 1.0 mm.

mid-July and was collected over a longer

period of time than any other species. Most

species had one peak flight period, probably

indicating a single generation a year. Re-

cords for one species, M. mensa, indicated

two flight peaks. This could be due to lack

of adequate data, two close generations, or

presence of two closely related species. All

specimens from both flight peaks appeared

the same.

The most common species throughout the

study area was M. formosa. Its host is not

known but must be a plant common to each

trap location. Nine other species (over 80

collected) were common: M. albomaculata,

M. flavicoxae, M. flicta, M. goniphora, M.
mensa, M. pannosa, M. pulchella, M. tri-

syllaba, and M. varia. The larval host ofM.
goniphora is not known, but adults were

collected flying around Rubus sp. which was

a common plant in the area.

Two examples illustrate the significance

and potential use of seasonal data in sys-

tematic work. First, these data support Gib-

son's (1980) separation of A/, maculilabris,

M. albomaculata, and M. pannosa. They
are difficult to separate morphologically, but

each has a distinct, separate flight period.

Gibson ( 1 980) initially thought that the for-

mer two may belong to one morphologically

variable species. Second, the separate but

close flight peaks of M. mensa indicate the

need to question the status of that species.

A second species is possibly masquerading

under that name.

Macrophya epinota (Say)

An unusual female was collected in south-

western Virginia (Grayson Co., base of

White Top Mt., VI- 1 7-88, on Sambucus, D.

R. Miller). In color, lancet characters, and

other respects, it is identical to M. epinota,

but differs by having an extremely deep pit

just below the sharp medial angle of the

mesepistemum (Fig. 1). Macrophya epinota

has a sharp medial angle on the mesepister-

num but the area below the angle is ffat or

slightly concave. I have never seen speci-

mens of any Macrophya species with such

a deep pit. This specimen could either rep-

resent a distinct species or could be an

anomaly. However, because of its similarity

with M. epinota and because only a single

specimen is available, I presently regard it

as M. epinota. It is about 12 mm long, com-
parable in size to some of the larger speci-

mens ofM. epinota. I cite this oddity in case

it is discovered again so its status can be

better determined.
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A NEW BRUCHOPHAGUS FROM GLYCYRRHIZA LEPIDOTA
PURSH IN THE NORTHERN GREAT PLAINS
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Abstract. —A new species, Bruchophagus grisselli McDaniel and Boe, which infests seeds

of Glycyrrhiza lepidota Pursh (American licorice), is described and illustrated. It's known

from South Dakota and North Dakota in the USA. A field study at 8 sites showed that

B. grisselli has a wide distribution throughout the Dakotas.

Key Words: infests seeds, American licorice

The genus Bruchophagus was described

in 1888 (Ashmead 1888) without including

any species or the designation of a type spe-

cies. In 1894 Ashmead placed 3 species in

his genus Bruchophagus: borealis Ashmead,

mexicanus Ashmead andfunebris (Howard)

transferred from Eurytoma. Burks (1957)

stated that Ashmead considered B. borealis

and B. mexicanus to be parasites of bruchid

beetles ofthe genus Bruchus. The third chal-

cid, Eurytoma funebris, included in Bru-

chophagus by Ashmead, was listed as a par-

asite of the clover-seed midge [Dasineura

leguminicola (Lintn.)] by Ashmead. Hop-
kins ( 1 896) and Titus ( 1 904) concluded that

B. funebris was phytophagous in clover

seeds. Presently the generic name Brucho-

phagus has become affiliated with phyto-

phagy in legume seeds (Burks 1957).

Out of a total of 8 recorded North Amer-
ican species of Bruchophagus, 5 have been

collected from legume seeds while hosts of

the other 3 species, B. sculptus (Ashmead),

B. noctua Girault, and B. borealis are un-

known. B. mexicanus has been described

from seeds of several species of Astragalus

native to North America (Burks 1957, 1979).

Four species have been recorded from im-

portant introduced forage legumes, trees, or

shrubs.

Glycyrrhiza lepidota Pursh is a wide-

spread native North American legume that

has potential for forage and conservation

purposes (Boe and Wynia 1985). Brucho-

phagus glycyrrhizae Nikol'skaya was de-

scribed from Glycyrrhiza glabra L. seeds in

Europe. In the United States to date, only

the bruchid beetle seed predators Acan-

thoscelides aureolus (Horn) and A. frater-

culus (Horn) have been recorded from G.

lepidota (Boe et al. 1988, Center and John-

son 1976).

This paper describes a new species ofBru-

chophagus collected from seeds of G. lepi-

dota and presents information on its distri-

bution in North and South Dakota.

Materials and Methods

Mature pods of G. lepidota were collected

from 8 sites in North and South Dakota in

1988. Pods were placed in 1.8-liter paper

cartons that were wrapped with aluminum
foil and fitted with a 5-ml vial to trap pho-

totropic chalcids (McDaniel and Boe 1 990).

Emergence of adult chalcids began in late

March and continued through mid-June of
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1989. Vials were checked daily and num-
bers of chalcids trapped were determined.

Female and male reproductive structures

were studied for ovipositor sheath length,

number of rami spines, number of 8th ter-

gitc setae, and male reproductive apparatus

length. Reproductive structures for both

sexes are illustrated.

Bruchophagus grisselli

McDaniel and Boe, Nkw Spkciks

Female.— Length 1.7 to 2.5 mm; head

dark black; mesosoma black; pronotum,

propodeum, petiole, gaster black; antcnnal

scape with basal area orange-yellow, apex

darkened; pedicel, flagcllum darkened; sen-

silla as shown in Fig. 1 for left antenna;

maxillary palp brown and yellow; mandi-

bles yellow with darkened teeth; legs with

coxae black at attachment of trochanter, or-

ange-yellow at attachment to tibia; second

femur with black oval spot near attachment

to trochanter, rest of femur orange-yellow;

third femur completely black except for

small orange-yellow area at attachment of

tibia; tibia and tarsus of all legs orange-yel-

low, first and second tibia without any brown

markings, third tibia with some brown
markings; tarsus of all without any dark col-

oring, color lighter than tibia (more yellow

with no orange tinge); hind coxae larger than

coxae of first and second legs; all coxae cov-

ered with piliferous punctures; head with

deep piliferous punctures dorsally between

ocelli not extending past posterogcnal re-

gion; frons concave between eyes; anlennal

scrobes at base of concave frons; scape lon-

ger than pedicel and first funicular segment

together; funicular segments with sensilla as

shown in Fig. 1; club segments fused, 3 in

number, first two similar in size, last seg-

ment broad at base, narrowing to rounded

apex (Fig. 1); mesosoma collar broad, with

piliferous punctures; pronotum with pili-

ferous punctures; scutellum convex, with

piliferous punctures associated with curved

white setae; mesosoma forming a deep slop-

ing angle toward nuda; wings with very

lightly pigmented setae sparsely arranged

over disc; marginal vein longer than post-

marginal; parastigma with clear region at

attachment to marginal; stigmal longer than

postmarginal, shorter than marginal; sub-

marginal vein with 9 dorsal setae, single

sensillum behind first dorsal submarginal

seta; dorsal parastigma with two sensilla;

costal cell with single row of dorsal setae,

ventral surface with scattered setae; para-

stigma with two large setae similar in struc-

ture to submarginal setae; speculum closed;

cubital and medial hairlines distinct on dor-

sal surface; medial hairline connected with

cubital hair line in region ofspeculum; basal

hairline distinct, connecting cubital hairline

closing speculum; radial cell with setae;

fringe extends around wing from postmar-

ginal vein to region of speculum, devoid of

fringe setae from speculum region to sub-

marginal vein; propodeum deeply slanted

with punctures similar to those on scutel-

lum; abdomen without enlargement of sixth

segment; ovipositor (Fig. 3) second valvi-

fers (Vf2) with 2 semicircular sheath spines

near apodemes of laminated bridge

(Lam. Br.); ramus (Ra.) with a range of from

32 to 40 spines (Ra.Sp.) on right valvifer

(mean of 36.0 for 10 specimens), and from

32 to 37 on left valvifer (mean of 34.9 for

1 specimens), spines widely spaced in lam-

inated bridge area, close together near ful-

cral plate area; fulcral plate (Ful.Pl.) attach-

ment of ovipositor outer plate (Ops.Ot.Pl.)

near fulcral plate notch (Ful. PI. Not.); ful-

cral plate with deep notch, head region with

pointed apex; outer ovipositor plate fused

with eighth Icrgitc (8-Tcg.) sclcrotized, plat-

ed, ventral area membranous; eighth tcrgite

with paired setae (8-Teg.Set.) extending from

cercus (Ce.) toward attachment of fulcral

plate, fused ovipositor outer plate, and

eighth tcrgite; number of setae ranging from

63 to 76 (mean of 69.7 for 10 specimens),

setal region plated similar to dorsal fused

area of ovipositor outer plate; eighth tcrgite

separated from ventral region of ovipositor
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outer plate by a dark band that extends from

fused dorsal area of ovipositor outer plate

to cercus; epipygium (Ep.) with series of long

setae; cercus with five setae of different sizes

and shapes; ovipositor inner plate

(Ops. In. PI.) separated from second valvi-

fers by darkened region that connects apo-

demes of outer and inner rami and apo-

demes of laminated bridge, darkened area

separates centers of second valvifers, dark-

ened area narrow where it connects with

laminated bridge apodemes widening where

it connects with lower valvifer apodeme,

darkened region separates ovipositor inner

plate from membranous centers of second

valvifers; lower valvifer ramus fused with

fulcral plate extending to area containing

four monitoring spines (Ful.Pl.Sp.); ovipos-

itor inner plate and apodemes of laminated

bridge fused forming shaft for ovipositor

(Ops.); ovipositor inner plate near darkened

area lightly plated, heavy plating of ovipos-

itor inner plate begins at region forming

groove in which fulcral plate apex fits; ovi-

positor inner plate heavy plating ends be-

fore region of fused ovipositor sheath

(Ops.Sh.); ovipositor sheaths not articulat-

ed, connected to each other by ovipositor

ligament (Ops.Sh.Lg.); ovipositor sheath

lightly sclerotized except for small region

below ovipositor sheath ligament; ovipos-

itor sheath length ranged from 285 to 345

microns for 10 specimens (Fig. 6); ovipos-

itor sheath setae (Ops.Sh. Set.) grouped to-

gether at apex; ovipositor with typical Bru-

chophagus teeth on the shaft with a single

median tooth followed by paired lateral

teeth.

Male.— Length 1.4 to 2.1 mm; color sim-

ilar to female with head dark black; meso-

soma, pronotum, scutum, scutellum and

propodeum black; antennae with scape

elongated swollen near connection to peti-

ole; funicular segments well-separated, each

with sensilla and long setae as shown in Fig.

2; 5th funicular segment not separated from

club except by a transvese suture; legs sim-

ilar to female; maxillary palps and mandi-

bles similar to female; wings with darker

setae, more numerous in disc region than

female; submarginal vein with nine setae;

parastigma with setae similar in structure

to submarginal setae; submarginal vein with

same placement and number of sensilla as

female; costal cell same as female; basal se-

tae connecting cubital hairline closing spec-

ulum; reproductive apparatus (Figs. 4, 5)

parameres with 3 setae (Par. PI. Set.), one

associated with apex which is usually hid-

den between the digiti (Dgi.) and aedeagus

(Aeg.); other two paramere setae on narrow

arm of fused paramere plates (Fus.Par.Pl.),

the latter larger than apical setae; digiti with

two teeth (Dgi.Teth.) and a thumb-like pro-

jection; aedeagus dorsally covers digiti and

caulis (Ca.); aedeagus with four sensory

pores (Aeg.S.Por.), these staggered, one pair

located within striae region, striae

(Aeg.Dos.Str.) not reaching to second pair

of sensory pores; aedeagal dorsal striae of

different lengths; ventral apex of adeagus

with three ventral pores (Vt.Por.) on each

side, these smaller than dorsal sensory pores;

reproductive apparatus elongated length

measured from digital apodemes (Dgi.Apd.)

330 to 460 microns (mean of 384 microns

for 10 specimens); aedeagus capable of ex-

tending beyond aedeagus digiti; attached to

dorsal surface is the aedeagal epipygium lig-

ament which controls the distance aedeagus

can be extended from reproductive appa-

ratus; digital apodemes protrude from cau-

lis dorsally; caulis, paramere plate and vol-

sellar plate fused; paramere plate region that

contains paramere setae pigmented; caulis

center region transparent; caulis forms dor-

sal opening (Dor.Opn.Shp.) where aedeagal

apodemes protrude; internal penis valves

(Pv.) extend to apex of aedeagus.

The following key can be used to separate

B. grisselli from Bruchophagiis caraganae

(NikoPskaya) and B. mexicanus. The latter

two species are the only other Bruchophagus

species found in North America with known
legume hosts other than Medicago, Thfoli-

iim, and Lotus species.
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Fig. 1. Female antennae of Bruchophagus grisselli Fig. 2. Male antennae of Bruchophagus grisselli n.

n. sp. sp.

1 a. Legs with orange color interspersed with brown

2

lb. Legs without orange color; legs black inter-

spersed with light yellow; ovipositor sheath

length 450-470 microns

Bruchophagus caraganae (Nikol'skaya)

associated with Caragana arborescens Lam.,

C. frutescens DC, and C pygmaea DC.

2a. Tibia I without any interspersed brown color,

forewing of female with setae very light in

color, wing appears transparent; ovipositor

sheath length 285-345 microns

Bruchophagus grisselli n. sp.

associated with Glycyrrhiza lepidota Pursh.

2b. Tibia I with brown color interspersed; fore-

wing of female with dark setae; ovipositor

sheath length 200-220 microns

Bruchophagus mexicanus Ashm.

associated with Astragalus bisulcatus Gray,

A. mollissimus Torr., and A. sp.
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Fig. 3. Female genitalia of Bruchophagns grisselli

n. sp.

Abbreviations used for female genitalia: (Lam. Br.)

Laminated bridge; (Semcir.Sh.Sp.) Semicircular sheath

spine; (Ra.) Ramus; (Ra.Sp.) Ramus spines; (Vf2) 2nd

valvifer; (Ful.Pl.Sp.) Fulcral plate spines; (Ful.Pl.Not.)

Fulcral plate notch; (Ful.Pl) Fulcral plate; (Ops.Ot.Pl.)

Ovipositor outer plate; (Ops. In. PI.) Ovipositor inner

plate; (8-Teg.) 8th tergite; (8th.Teg.Set.) 8th tergite se-

tae; (Ops.Sh.Lg.) Ovipositor sheath ligament; (Ops.)

Ovipositor; (Ops.Sh.) Ovipositor sheath; (Ops. Sh. Set.)

Ovipositor sheath setae; (Ce.) Cercus; (Ep.) Epipygium.

Males of5. grisselli can be separated from

males of J5. caraganae and B. mexicanus by

shape of the dorsal opening, overlapping of

the caulis, length of the reproductive ap-

paratus, and number of striae on the ae-

deagus. Specimens of B. caraganae and B.

mexicanus utilized for construction of the

key were collected near Redstone, Montana

in July, 1989 from C. arborescens and A.

bisulcatus, respectively. Specimens of both

species are housed in the South Dakota State

University H. C. Severin Museum at Brook-

ings, South Dakota.

We have not seen specimens of B. glycr-

rhizae, which has been reared from G. gla-

bra seeds in Europe. However, Dr. E. E.

Grissell examined 5 females and 5 males of

B. grisselli and determined that they were

not B. glycyrrhizae. Since G. glabra has been

introduced into North America, the sce-

nario of fi. glycrrhizae being introduced with

its European host and then infesting the

North American native G. lepidota seemed

possible. In a key constructed for species of

Bruchophagus from the European part of

the USSR, Zerova (1987) states that the third

abdominal tergite is distinctly longer than

the fourth in B. glycyrrhizae. The third and

fourth abdominal tergites are subequal in

length in B. grisselli. We studied descrip-

tions in the literature ofthe described North

American Bruchophagus species with no

known hosts (i.e. B. borealis, B. sculptus,

Table 1. Numbers of Bruchophagus grisselli McDaniel and Boe reared from pods oi Glycyrrhiza lepidota

Pursh from North and South Dakota.

State
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dos. str.
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Fig. 6. a. ovipositor sheath showing how length is

measured, b. male reproductive apparatus showing how
length is measured.

males, collected August 6, 1988, A. Boe;

North Dakota 1km north of Sherwood,

Renville Co. 1 female, 1 male, collected Au-
gust 14, 1 988, Lisa Trout; all specimens were

obtained from seeds of Glycyrrhiza lepidota.

The holotype and allotype along with para-

types will be deposited with the USNM.

Results and Discussion

B. grisselli adults were reared from seeds

of G. lepidota for 6 out of the 8 collection

sites. The North Dakota sites were approx-

imately 10 km south ofthe Canadian border

while the Mellette Co., South Dakota site

was approximately 30 km from the Ne-

braska border. These data suggest B. gris-

selli is widespread in G. lepidota popula-

tions throughout the northern Great Plains.

Since pod sample weights were comparable

(approximately 100 g) for all sites, it is ev-

ident that the level of seed predation by B.

grisselli varied considerably among sites

(Table 1). The Davison Co. site in South

Dakota produced over 60% of the total

number ofB. grisselli adults trapped in this

study. For those sites from which only a few

B. grisselli adults were reared, large num-
bers of the bruchid beetle Acanthoscelides

aureolus were trapped. A. aureolus adults

were also obtained from the Davison Co.

collection but the ratio of B. grisselli to A.

aureolus was greater than 2 to \.A. aureolus

appears to be a more significant seed pred-

ator than B. grisselli throughout the north-

em Great Plains (Boe et al. 1988), but this

study indicates B. grisselli can also have a

substantial impact on seed production of G.

lepidota.
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NOMENCLATORIAL CHANGES IN THE XANTHOPTERUS GROUP OF
THE GENUS MYDAS (DIPTERA: MYDIDAE)
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Abstract.—A recent publication of a revision of Mydini by Wilcox et al. (1989) neces-

sitates several nomenclatorial changes to the M. xanthoptemus group ofMydas as reviewed

by Welch and Kondratieff( 1 990): Mydas evansorum Welch and Kondratieff^2om^« novum,

replaces a primary junior homonym, M. fisheri Welch & Kondratieff is an objective

synonomy ofM. fisheri Wilcox et al., and Mydas simplex Loew is not considered a valid

species but a synonymy of M. luteipennis Loew as previously concluded by Welch &
Kondratieff (1990).

Key Words: Insecta, Mydas xanthopterus group, systematics

A recent postumuous publication of a Jo-

seph Wilcox manuscript by Papavero and

Pimentel (Wilcox et al. 1989) necessitates

several immediate taxonomic changes in the

xanthopterus group of Mydas, as recently

reviewed by Welch and Kondratieff (1990).

Wilcox passed away in December 1982.

Numerous additional taxonomic incongru-

ences included in this paper will be ad-

dressed in a review ofthe Mydidae ofNorth

America, especially the generic concepts in-

troduced by Wilcox et al. (1989).

Mydas evansorum Welch & Kondratieff

New Name

Mydas lavatus, Wilcox et al., 1989: 55.

Mydas evansi Welch & Kondratieff, 1990:

146. Type locality: Tamaulipas, Villa-

gran, Mexico. Holotype, male in CAS.
Nomen novum.

This new name is to replace a primary

junior homonymy with Mydas evansi Wil-

cox et al. (1989), a species described in the

clavatus group. Wilcox et al. (1989) recog-

nized M. evansorum as M. lavatus Ger-

staecker, a synonym of M. xanthopterus

(Welch and Kondratieff 1990). The speci-

men used for their description ofM. lavatus

was the new species renamed above.

Mydas fisheri Wilcox et al.

Mydasfisheri Welch and Kondratieff, 1 990:

146. Type locality: Baja California Sur, 7

mi. SW La Paz, Mexico. Holotype, male

in CAS. New Synonymy.

Mydas fisheri Wilcox et al. (1989) is an

objective synonymy ofM. fisheri Welch and

Kondratieff ( 1 990). Wilcox et al. ( 1 989) list-

ed M. fisheri as restricted to Baja California

however, specimens from Arizona have been

examined (Welch & Kondratieff 1990).

Mydas luteipennis Loew

Midas luteipennis Loew, 1866: 14. Type lo-

cality: (West) Texas. Holotype male, in

MCZ(#1058), examined.

Mydas simplex Loew, 1866: 15. Type lo-

cality: (West) Texas. Holotype male, in

MCZ (# 1 066
1 ), examined. Synonymy by

Welch and Kondratieff, 1990: 146.

Welch and Kondratieff (1990) have pre-
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viously provided the rationale for the above

synonymy (relative size and wing color pre-

viously utilized to separate the two were

found to blend into a continuously variable

range). In addition, the male terminalia of

both types are identical. In fact Wilcox et

al.'s (1989) discussion of M. simplex indi-

cates their uncertainty about the specific sta-

tus of this species.

Acknowledgments

We would like to thank B. V. Peterson,

who brought the Wilcox et al. paper to our

attention. We also appreciate the encour-

agement provided by many dipterists to

continue our studies ofthe Mydidae ofNorth

and Central America.

Literature Cited

Loew, H. 1866. Diptera Americae septentrionalis in-

digena. Centuria septima. Berliner Entomolo-

gische Zeitschrift. 10: 1-54.

Welch, J. L. and B. C. Kondratieff. 1990. Review of

the genus Mydas (Diptera: Mydidae): The xan-

thopterus group ofsouthwestern United States and

Mexico. Annals of the Entomological Society of

America. 83: 142-148.

Wilcox, J., N. Papavero, and T. Pimentel. 1989.

Studies of Mydidae (Diptera) IVb, Mydas and al-

lies in the Americas (Mydinae, Mydini). Museu

Paraense Emilio Goeldi. SCT/PR CNPq. 139 pp.



PROC. ENTOMOL. SOC. WASH.
93(3), 1991, pp. 786-788

A PORTABLE PENETROMETER FOR MEASURING LEAF
TOUGHNESS IN INSECT HERBIVORY STUDIES
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Abstract.—An inexpensive, portable penetrometer and tongs for measuring leaf tough-

ness are described. These allow measurements to be made while leaves remain attached

to the plant.

Key Words: Penetrometer, tongs, leaf toughness, insect herbivores

Leaftoughness has been related to feeding

preferences of insect herbivores. Several

penetrometers for measuring leaf toughness

have been described (Williams 1954, Cher-

rett 1968, Feeny 1970, Beckwith and Hel-

mers 1976, Wright and Fuller 1984), based

on measuring the weight or pressure re-

quired to force needles or probes through

leaves. However, they can only be used when
held upright or horizontal and are difficult

or impossible to use without removing

leaves from plants. A simple leafpenetrom-

eter was described by King (1988), but it

required more than one operator for use in

the field. Designs for portable penetrome-

ters used to measure fruit firmness were dis-

cussed by Abbott et al. (1976) while more
sophisticated, non-portable penetrometers

gave greater accuracy for measuring fruit

firmness (Blanpied et al. 1978, Lidster et al.

1978, Abbott et al. 1984). These penetrom-

eters also measured deformation ofthe fruit

by compression (Bourne 1980) and are not

suitable for measuring changes in the tough-

ness of growing leaves in the field.

We describe an inexpensive, portable

penetrometer which can be easily calibrat-

ed, and tongs for holding leaves while the

penetrometer is operated. Our instrument

does not require destructive sampling and

can be used to monitor the progressive

changes in toughness of leaves whilst they

attached to the growing plant.

The portable penetrometer and tongs were

devised to relate toughness of leaves on

growing plants of the vine, Stephania ja-

ponica (Thunberg) Miers (Menisperma-

ceae), to feeding by larvae of the fruit pierc-

ing moths, Othreis fullonia (Clerck) and

Eudocima salaminia (Cramer) (Noctuidae).

The penetrometer (Fig. 1 ) consisted ofa dial

gram gauge, with removable probes. The
probes were made from stainless steel pins

or rods with the apex ground flat, each 12

mm long, soldered at right angles onto a

modified 3 mm electrical spade receptacle.

Probes were slid over the flat feeler tip of

the gauge and easily changed if different

probe diameters were required for testing

leaves of varying toughness. The gauge

(Chatillon AG 50*) used for experiments

with S. japonica was calibrated 0-50 g but

gauges with 1 50, 300 and 500 g capacities

are available for use on plants with greater

leaf toughness. A probe measuring 400 ^ni

in thickness was used for S. japonica. The
tongs (Fig. 2) were constructed from 2 rect-

angular polyacrylamide plates, 160 X 33 X

John Chatillon and Sons, Inc., New York.
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removable probe

Dial tension gauge

scale I—

Fig. 1. Penetrometer.

1 2cm

5 mm, with tapered apices, drilled (2 mm
in upper, 2.5 mm in lower plate) to accom-
modate the penetrometer probe. A hinge

mounted between the plates 55 mm from
the base allowed the tongs to be used in one
hand to hold each leaftested, while the pen-

etrometer was operated in the other hand.

The penetrometer was calibrated by
clamping it in a boss head clamp, pivoted

on a retort stand so that the probe rested

under pressure on an open pan of an elec-

tronic balance. Weights registered on the

tension gauge were corrected for error by

comparing readings with those on the elec-

tronic balance. Different pressures to cover

the range of gauge readings were obtained

by adding weights to the clamp arm.

When used on leaves of S. japonica, pen-

etrometer readings had coefficients of vari-

ation of generally less than 5%. Readings

showed that veins were tougher than areas

between veins and that toughness decreased

as leaves lost turgor after removal from the

plants (Table 1). Hairs, glands, lesions and

foreign bodies (such as scale insects) were

avoided when taking measurements. Leaf

tearing and compression were minimized

by using a small diameter probe which also

increased the sensitivity of gauge readings,

when compared with readings using larger

diameter probes.
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scale
I 1 1

1 2cm

drilled hole

2 mm rrj

2.5mm

hinge

Fig. 2. Tongs.
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Note

A New Host Record for Contarinia geniculati (Reuter)

(Diptera: Cecidomyiidae)

Larvae of Contarinia geniculati (Reuter)

have been reported to prevent seed pro-

duction in meadow foxtail (Alopecurus pra-

tensis L.) in Europe and North America and

in A. geniculatus L. in North America

(Barnes 1931, Bull. Entomol. Res. 22: 199-

203; Gagne 1989, The Plant-Feeding Gall

Midges of North America, Cornell Univ.

Press).

Creeping foxtail {Alopecurus arundina-

ceus Poir.) is native to Eurasia and was first

recorded in the U.S. in 1935 (Hanson 1972,

USDA Agric. Handbook 170, pp. 16-17).

Within the past 30 years, it has become an

important forage grass in wetlands of the

western U.S. and Canada (Hafenrichter et

al. 1968, USDA Agric. Handbook 339, pp.

48-50).

In conduct of research aimed at improv-

ing seed yields of creeping foxtail, diapaus-

ing larvae of C geniculati were first en-

countered in mature spikelets in field plots

at Brookings, SD in August 1989. In late

June 1990, adults of C geniculati were

reared in the lab from field-collected pani-

cles that ranged in maturity from several

days pre-anthesis to several days post-an-

thesis. Several panicles were examined un-

der low magnification (lOX) to determine

the effect of C geniculati on seed set in in-

fested spikelets. Immature spikelets con-

taining C geniculati larvae and pupae were

easily identified because the salmon-colored

larvae and pupae were clearly visible through

the transparent lemma and greenish-white

glumes. Spikelets infested by C. geniculati

did not contain caryopses. Adult females of

C geniculati were observed ovipositing in

the field in July 1990 into spikelets of re-

cently emerged panicles. Creeping foxtail is

somewhat indeterminate, and it appeared

that the C. geniculati females were concen-

trating on the small percentage (less than

1%) of the panicles that hadn't reached an-

thesis by that time. It was not unusual to

find 10-15 females ovipositing into a single

recently-emerged panicle.

I am currently conducting studies at South

Dakota State University to determine the

magnitude of creeping foxtail seed destruc-

tion by C. geniculati in eastern and central

South Dakota. Seed destruction of meadow
foxtail by C. geniculati in Europe has made
seed production on that species unprofitable

in some areas (Barnes 1930, Ann. Appl. Biol.

17: 339-366).

I wish to express my appreciation to Ray-

mond J. Gagne, Systematic Entomology

Laboratory, ARS/USDA for providing the

identification of C. geniculati.

Arvid Boe, Plant Science Department, 226

Agricultural Hall, South Dakota State Uni-

versity, Brookings, South Dakota 57007.
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Note

New England Aster, Aster novae-angliae: A New Host Record for

Microrhopala xerene (Coleoptera: Chrysomelidae)

The leafmining hispine, Microrhopala

xerene (Newman), has been reported to feed

upon ten host plants in three genera of As-

teraceae including: Aster chilensis Nees, A.

cordifolius L., A. patens Ait., A. paternus

Cronq., A. puniceus L., A. simplex Willd.,

Boltonia asteroides (L.) L'Her., Solidago

caesia L., S. canadensis L., and S. juncea

Ait. (Needham et al. 1928. Leaf-mining in-

sects. The Williams and Wilkens Co., Bal-

timore, MD. pg. 295.; Clark. 1983. Great

Basin Nat. 43: 605-606; Ford and Cavey.

1985. Coleopts. Bull. 39: 53; Williams. 1 989.

Ibid. 43: 391-392). Although previously

listed as a host of M. xerene (Needham et

al. op. cit.; Williams op. cit.), Sericocarpus

asteroides (L.) B.S.P. is now recognized to

be synonymous with A. paternus (Soil Con-
servation Service. 1982. National List of

Scientific Plant Names. Volume 2. Synon-

ymy, pg. 381.). In this note I report a new
host record for M. xerene from southwest-

ern Virginia.

During early July 1989, I collected larval

M. xerene from mines in leaves ofNew En-

gland aster. Aster novae-angliae L., growing

at the edge of a wet meadow in Blacksburg,

Montgomery County, Virginia. Larvae

mining leaves o{ A. novae-angliae formed

the conspicuous inflated cavities typical of

the genus (Clark op. cit.). Adult M. xerene

were also observed feeding on leaves of ^.

novae-angliae both in 1 989 and in the spring

of 1990. I have previously described host

plant use by M. xerene at the Blacksburg

site, where A. puniceus and A. simplex are

the primary and secondary host plants for

this species (Williams, op. cit.). Aster novae-

angliae appears to be a tertiary host for M.
xerene at this site given that it is consid-

erably less abundant than either /4. puniceus

or A. simplex. Host plant and insect voucher

specimens are deposited in the Virginia

Polytechnic Institute and State University

Herbarium and the Miami University In-

sect Collection, respectively.

I thank Garth and Barbara Wilkes for al-

lowing me to conduct studies on their prop-

erty.

Charles E. Williams, Department of Zo-

ology, Miami University, Oxford, Ohio
45056. Present address: The Nature Con-

servancy, 1110 Rose Hill Dr., Suite 200,

Charlottesville, VA 22901.
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Note

Bayeriola Gagne, new name for Bayeria Rubsaamen 1914 (Diptera: Cecidomyiidae),

preoccupied by Fritsch 1905 (Pisces)

Bayeria Rubsaamen (1914, Marcellia 14:

97), a genus of Palearctic gall midges (see

Skuhrava, 1986: 140 of Family Cecido-

myiidae, in Soos and Papp, eds., Catalogue

of Palaearctic Diptera, Vol 4, Akademiai

Kiado, Budapest), is preoccupied by Bay-

eria Fritsch (1 905: 1 1 , />? Fritsch and Bayer,

Neue Fische und Reptilien aus der Boh-

mischen Kreideformation, Prague), erected

for a Cretaceous species of fish. Bayeria

Riibsaamen must be renamed, so I propose

Bayeriola NEW NAME as a replacement.

I am grateful to T. P. Nuhn of my Lab-

oratory for bringing the Fritsch name to my
attention.

Raymond J. Gagne, Systematic Ento-

mology Laboratory, PSI, Agricultural

Research Service, USDA, % National Mu-
seum ofNatural History, NHB 168, Wash-

ington, B.C. 20560.
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Announcement

The Smithsonian Institution Archives

announces that a collection of biographies

and photographs of entomologists, entitled

Systematic Entomology Laboratory, United

States Department of Agriculture, Photo-

graphs ofand Biographical Information on

Entomologists, 1797-1988 and undated, has

been processed and is now available to

scholars as record unit 7323 (2.73 linear

meters). A finding aid to the collection is

available upon request from the Archives.

Biographical material is varied, and in-

cludes obituaries, magazine and newspaper

articles, correspondence, bibliographies,

photographs, handwriting samples, book
reviews, and biographical sketches. Infor-

mation on a number of entomological so-

cieties such as the Cambridge Entomolog-

ical Club, the Entomological Society of

America, and the Royal Entomological So-

ciety of London, is also included.

In addition, the collection contains pho-

tographs of entomologists collected for the

most part by Eugene Amandus Schwarz and

Herbert Spencer Barber, United States De-

partment of Agriculture entomologists as-

sociated with the United States National

Museum. Included are formal portraits, ca-

sual shots, photographs taken during field

work, and group photographs. There are also

photographs of field work sites from around

the world.

The collection may be consulted in the

Smithsonian Archives, located in room 2135

of the Arts and Industries Building, Smith-

sonian Institution, 900 Jefferson Drive S.W.,

Washington, D.C. The Archives is open be-

tween 9:00 am and 5:00 pm, Monday
through Friday, excluding Federal holidays.

Written and telephone (202) 357-1420 in-

quiries are welcome.—EDITOR.
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Corrections are necessary for two articles

that appeared in Proceedings of the Ento-

mological Society of Washington 93(1).

These mistakes were the result of editorial

error, not author error; changes are as in-

dicated below:

Page 162— Hne 13, 1st column— delete as-

terisk, ""Ochropepla pallens.''

— line 20, 1st column— "1822"

should read "1922."

— line 10, 2nd column— "Ento-

mologia" should read "Entomo-
logia."

Page

— line 26, 2nd column— after

Coding, 1929a, insert following:—
"

. 1929a. New Membra-
cidae, VIII. Journal of the New
York Entomological Society 37:

167-168."

— line 27, 2nd column— "1929b"
should read "1929c."

193-line 20-"1926" should read

"1929."

EDITOR.
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REVISION OF THE PENTOBESA XYLINOIDES (WALKER)
SPECIES GROUP (LEPIDOPTERA: NOTODONTIDAE)

S. J. Weller*

Department ofEntomology NHB 127, Smithsonian Institution, Washington, D.C. 20560.

Abstract.—ThQ neotropical notodontid genus Pentobesa Schaus is defined, and Betola

Schaus is placed as its junior subjective synonym. Dasylophia seriata (Druce) is also

transferred to Pentobesa. The type species P. xylinoides (Walker) is figured and four new
species formerly confused with it are described: P. anapiesma, P. ankistron, P. sinistra,

and P. smithsoni. A key and illustrations of male and female genitalia and other diagnostic

sclerites are included.

Key Words: Lepidoptera, Notodontidae, neotropics

The genus Pentobesa Schaus (Lepidop-

tera: Noctuoidea: Notodontidae) is com-
prised of medium-sized moths and as

defined below, contains 21 species. Repre-

sentatives of this genus occur from the

southwestern United States {P. seriata

(Druce), new combination) to southern Peru

and Bolivia {P. poecila (Felder), new com-
bination). Several species o^Pentobesa were

formerly placed in the genus Dasylophia

Packard because of their similar coloration.

Species ofboth genera resemble broken twigs

at rest, and some live animals even have a

delicate tracing of green and pink on the

wings as if covered with lichen. The only

larval host plant known for Pentobesa is

Inga vera Willd. (Leguminosae) (Janzen

pers. comm.). Several neotropical species of

Dasylophia also feed on woody legumes such

as Erythrina, Gliricidia, Rhynchosia and
Centrosema (unpubl. data; Weller 1989). It

is possible that a general pattern of larval

association with Leguminosae exists for

these species.

* Present address: Dept. of Entomology, Louisiana

State University, Baton Rouge, Louisiana 70803.

The genus Pentobesa Schaus represents

part of a phylogenetic puzzle in the neo-

tropical Notodontidae. Previous work plac-

es Pentobesa and related genera in the Das-

ylophia clade and associates this clade with

the Nystaleini {sensu stricto) (Weller 1989).

However, due to conflicting placement in

alternative cladograms, it is not clear if the

Dasylophia clade should be included in the

Nystaleini or if it deserves separate tribal

status (Weller 1989, Miller 1990). Neither

Pentobesa nor Dasylophia have ever been

the subject of revisionary work. To resolve

the phylogenetic position of these genera, a

species-level treatment is required for each

genus to establish character distributions.

This paper begins the taxonomic revision

ofthe Dasylophia clade that is a prerequisite

for phylogenetic work. Herein, I redefine

Pentobesa and place Betola as a junior sub-

jective synonym. The type species P. xyli-

noides (Walker) (Fig. lA, B) is part of a

species complex, and four new species, P.

anapiesma, P. ankistron, P. sinistra, and P.

smithsoni, are described. A key, illustra-

tions ofadult habitus, male and female gen-

italia and other diagnostic sclerites are pro-
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vided to identify members of the P.

xylinoides complex.

Materials and Methods

Preparation and treatment of speci-

mens.— Standard dissecting techniques were

used. Modifications specific for notodontids

are discussed in detail elsewhere (Weller

1989). Genitalia were stained with chloro-

zol black (Kodak or ICN dissolved in 20%
ethanol), or chlorozol black followed by saf-

ranin dissolved in 95% ethanol. Most prep-

arations were mounted in balsam, but a few

British Museum specimens were mounted

in euparol.

Museums and collections consulted.—

This work is based primarily on material

from the National Museum of Natural His-

tory (NM), but the following collections were

also consulted during this study: AM,
American Museum ofNatural History, New
York; BM, Natural History Museum (for-

merly British Museum, Natural History),

London; CAS, California Academy of Sci-

ences, San Francisco; CM, Carnegie Mu-
seum of Natural History, Pittsburgh; CNC,
Canadian National Collection, Ottawa;
CUIC, Cornell University, Ithaca; NJ, N.

Jacobsen, private collection, Cornell Uni-

versity; DJ, D. Janzen, private collection.

University of Pennsylvania; LACM, Los

Angeles County Museum, California; MCZ,
Museum ofComparative Zoology, Harvard

University, Massachusetts; SJW, S. J. Wel-

ler, private collection, Louisiana State Uni-

versity; and VOB, V. O. Becker, private col-

lection, Brazil. Only locahty label data and

genitalic slide numbers are reported below.

Collectors' names and extra institutional la-

bels are omitted to conserve space.

Terminology.—My terminology for gen-

italic structures follows Forbes (1948), Si-

batani et al. (1954), Sibatani (1972), Klots

(1970) and Weller (1989, 1990).

Pentobesa Schaus, 1 90

1

Pentobesa Schaus, 1 90 1 : 269. (Type species:

Edema xylinoides Walker, 1866: 1 93 1 , by

original designation.)

Betola Schaus, 1901: 289. (Type species:

Betola aroata Schaus, 1901: 290, by orig-

inal designation.) NEW SYNONYMY.
Dasylophia of authors [not Packard, 1864].

Diagnosis.—Male genitalia have a mid-

valve sclerotized plate present and expand-

ed (Fig. 2, Mp). This character state does

not occur in any other member of the Das-

ylophia clade (Weller 1989). The costa ter-

minates in an enlarged, rectangular shape,

often with a small, membranous, distal pro-

trusion.

Description.—Medium-sized moths (male

wingspan 35-50 mm; female 38-60 mm);
forewing pattern varying among species

groups (Fig. 1; also Draudt 1932: plate 146

row b-e, plate 148 row f) including: 1, dead

wood pattern, brick red or pale brown {P.

xylinoides species group; Fig. 1 A, B); 2, light

brown ground color with contrasting darker

brown on outer, posterior margin, white tri-

angular markings or white dashes on adter-

minal line {P. lignicolor complex; Fig. IC,

D); 3, dark grey or brown ground color with

diagonal, pale streak {P. aroata-P. poecila

complex; Fig. 1 E); 4, grey with black dot in

discal cell {P. valta Schaus; Fig. IF; and 5,

species within P. basitincta complex poly-

morphic including: a, light brown ground

color with horizontal dash across discal cell

and shorter dashes to apex (Fig. 1 G); b, dark

grey ground color demarcated by rounded

antemedial and subterminal lines, midpart

lighter tan or concolorous, with or without

basal dash (Fig. 1 H); and c, dark grey ground

color from wing base to antemedial line with

unpatterned, pale tan remainder. Body
ground color various shades of brown; te-

gulae often contrasting grey or darker brown
in males, and often concolorous in females.

Abdominal coloration ranging from dark

brown to tan dorsally, cream or buffy-white

ventrally; ventrum often with longitudinal,

single or multiple, dark brown, brick red,

or grey ventral stripe(s); male with two lat-

eral groups of long, spatulate setae from

eighth stemite and tergite; female often with

cream-colored scent scales on seventh ster-
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Fig. 1. Adult habitus of P. xylinoides species com-

plex. A. Male P. xylinoides. B. female P. xylinoides. C.

male P. lignicolor. D. female P. lignicolor. E. male P.

aroata. F. male P. valta. G. male P. basitincta, form a.

H. female P. basitincta, form b. Scale = 2 cm.

nite. Head: Antennal tufts present, male an-

tennae pectinnate, ciliate or fasciculate, fe-

male antennae pectinnate or simple with

scattered setae. Ocelli present. Proboscis well

developed, pilifer setose. Third segment of

labial palp either much shorter than second

segment or approximately two-thirds its

length. Thorax: Male prothoracic legs with

androconia (= scent-pocket, Weller 1989,

1 990) usually absent; epiphysis either long

(nearly length of tibia) with short, scattered

spines or epiphysis short (approximately

one-third tibia) with robust comb of spines;

tibial spurs often with pectinate edges. Wings

(Fig. 3): Forewing with R3 and R4 long

stalked, remaining venation variable either:

1, R2 from areole apex connate with R3/

R4 stalk, R5 near areole apex, Ml from

discal cell; 2, R2 connate with R3/R4 stalk,

R5 stalked at or below midpoint of R3/R4
stalk. Ml from midpoint of areole; 3, same
as previous except Ml from base of areole;

or 4, R2 basally stalked with R3/R4, R5

Fig. 2. Male genitalia of P. xylinoides (slide no.

43,144 NM). C = costa, CI = costula, J = juxla, Ma
= muscle attachment, Mp = midplate, S = sacculus,

So = socius, U = uncus, C = callosum. Scale = 1 mm.

connate, Ml from areole base. Hindwing

with Sc curved towards cell; Rs and Ml
short or long stalked; M3 and CuAl either

connate, approximate, or stalked. Abdo-

men: Second abdominal stemite with some-

times translucent antecostal area; male lack-

ing cteniophore and other abdominal
androconial structures; male eighth stemite

with antecostal area and caudal shape spe-

cies-specific, caudal edge usually folded with

Fig. 3. Wing venation of P. xylinoides. C = costa,

Sc = subcosta, R1-R5 = radial veins 1 to 5, a = areole,

M1-M3 = medial veins 1 to 3. Cula, Culb = cubital

veins, A = anal vein.
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Fig. 4. Female genitalia of P. xylinoides (slide no.

43,330 NM). ap = anterior apophyses, cb = corpus

bursae, db = ductus bursae, ds = ductus seminalis, lav

= lamellae antevaginalis, o = ostium bursae, pa = pa-

pillae anales, pp = posterior apophyses, s = signa, 8t

= eighth tergite, 8s = eighth stemite. Scale = 1 mm.

parallel, usually sinuate ridges extending

from caudal edge towards antecosta; female

seventh stemite often with invaginated pos-

terior edge and cream-colored scent scales

on margin.

Male genitalia (Fig. 2).— Valve: Distal

portion of costa enlarged into square, tri-

angular or rounded structure, usually with

rectangular crest, distal membranous patch

with slender setae and cephalic process;

midplate usually broadly expanded (narrow

in P. aroata); saccular scent organ (Weller

1989, 1990) developed or reduced, either

membranous pleated, membranous not

pleated, or melanized not pleated. Uncus:

Shape species-specific, socii slightly to

greatly bent; uncus either broadly fused to

tegumen or slender with apodemes fusing

to tegular apodemes. Anellar region: Cos-

tulae present or absent; anellar ridges pres-

ent with or without anellar ridge processes;

juxta fused to saccular base and often to

anellar ridge, juxta concave (except P. ba-

sitincta) and its shape species-specific. Ae-

deagus: Callosum present (Weller 1990);

distiphallus often with lateral or distal pro-

cesses; vesica either unomamented, with

deciduous comuti, with spines, with scler-

otized patch or with some combination of

above.

Female genitalia (Fig. A).—Papillae an-

ales: Membranous with long and short setae

interspersed; posterior apophyses usually

long with narrow base. Eighth tergite: Shape

species-specific. Eighth stemite: Shape spe-

cies-specific, often with lateral processes; la-

mellae antevaginalis usually folded and

sclerotized (membranous in P. seriata); si-

nus vaginalis sometimes present; location

ofostium bursae usually midventral but left-

hand bias in P. apostatica Schaus; dorsal in

P. poecila. Ductus bursae: Membranous or

sclerotized, tubular or dorso-ventrally flat-

tened, narrow or broadly expanding into

corpus bursae. Corpus bursae: Membra-
nous, with or without antechamber, with or

without sclerotized area, with either one sig-

num (P. seriata), fused pair (P. xylinoides

complex, P. aroata complex, P. valta) or

absent {P. basitincta, P. poecila); additional

sclerotized projections occur in some spe-

cies groups. Ductus seminalis: Arising from

near ostial opening or from corpus bursae

near ductus bursae.

Biology.—Pentobesa xylinoides has been

reared on Inga vera Willd. (Janzen pers.
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comm.). No immature stages or other bio-

logical data are available.

Discussion.— I regard Betola Schaus as a

junior synonym ofPentobesa. The type spe-

cies B. aroata Schaus shares the derived fea-

ture, expanded midplate on the male valve

(Fig. 2, Mp), with P. xylinoides and lacks

additional characters that would support its

maintenance as a separate genus.

The North American species Dasylophia

seriata (Druce 1887) is transferred to Pen-

tobesa because males also possess the ex-

panded midplate feature. The remaining

species in Dasylophia, typified by the U.S.

species D. anguina (Smith) and D. thyati-

roides (Walker), lack the expanded midplate

sclerotization, although a narrow strip of

sclerotization similar to that found in Nys-

talea aequipars (Guenee) may occur. Also,

Dasylophia species usually possess a nar-

rower costa and lack costulae (anellar horns

occur in D. thyatiroides) when compared to

Pentobesa species. Finally, females of D.

seriata possess a membranous lamellae an-

tevaginalis that is homologous with the

sclerotized one in Pentobesa species. The
lamellae antevaginalis hinges to the eighth

stemite and the ostium bursae arises from

hinged area (Figs. 4, 9). This configuration

appears to be unique to this genus in the

Dasylophia clade, but the distribution of this

feature requires further study.

Four, previously undescribed species have

been confused under the name P. xyli-

noides. No one suspected the existence of

these species due to the uniform external

coloration of the adults and lack of study.

The P. xylinoides species group is revised

below.

Pentobesa xylinoides species group

Diagnosis.—The forewing ground color-

ation is brick red or pale brown with a white

triangular patch extending from the edge of

the discal cell to the adterminal line and
with a contrasting darker triangular patch

adjacent on its ventral border (Fig. lA, B).

The male uncus is constricted before ex-

panding distally into a hood-like structure,

and its ventral surface is covered with setae.

The socii are sclerotized and bent in a char-

acteristic posture (Fig. 2).

Description.— Co/ora?zc»«.- All except P.

anapiesma (new species), sexually dimor-

phic. Males with red or brown antennal tufts;

thorax dorsum brick red or brown; tegulae

pale reddish brown, greenish-grey, grey or

buff; venter of thorax and abdomen buff-

colored with brick red or dark brown stripe

on abdomen; male eighth tergite and ster-

nite with brick red or dark brown spatulate

scales; forewing ground color ranging from

dark reddish brown to pale tan or buff. Fe-

males usually with buff or cream ground

color for antennal tufts, tegulae, wings, tho-

rax and abdomen. Head: Male antennae cil-

iate; female antennae with scattered setae.

Thorax: Male prothoracic tibial scent pock-

et absent. Abdomen: Second stemite not

translucent: male eighth stemite species-

specific.

Male (Figs. 2, S).— Valve: Saccular scent

organ reduced, saccular base conical with

muscle insertion on ridge; midplate broadly

sclerotized and flat with setae on margin

near costa; costa expanded dorsally with

membranous terminus. Uncus: Internal

apodemes fused to tegumen, constricted be-

fore expanding distally into hood-like stmc-

ture; ventral surface covered with setae; so-

cii sclerotized and bent in characteristic

posture. Anellar region: Anal tube melan-

ized; costulae either long or short, evenly

tapering or constricted; juxta small, bowl-

shaped. Aedeagus: Distiphallus ornamen-

tation species-specific.

Female (Figs. 4, 9, 10).— Papillae anales:

Membranous, with moderately long, curved

setae, posterior apophysis usually long and

thin. Eighth tergite: Small or large mid-dor-

sal prominence with longitudinal groove

present; anterior apophyses variable length.

Eighth stemite: Divided mid-ventrally by

membranous groove; with two large or small

lateral processes; shape ofcaudal margin and

lamellae antevaginalis species-specific.
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Fig. 5. Female eighth tergites and stemiles of P.

xylinoides complex. A. P. xylinoides sternite. B. P. xy-

linoides tergite. C. P. anapiesma sternite. D. P. sinistra

sternite. E. P. sinistra tergite. F. P. smithsoni sternite.

G. P. ankistron sternite. H. P. ankistron tergite. I. P.

smithsoni tergite.

Ductus bursae: Sinus vaginalis may be pres-

ent; ductus bursae sclerotized or membra-
nous. Ductus seminalis: Arising from either

ductus bursae near ostium or from ante-

chamber of corpus bursae. Corpus bursae:

membranous; antechamber usually present;

one or two pairs of signae.

Discussion. — The five species in this

complex can usually be separated without

Fig. 6. Male eighth stemites of F. xylinoides com-
plex. A. P. xylinoides or P. ankistron. B. P. sinistra. C.

P. smithsoni. r = internal ridge.

Fig. 7. Male aedeagi. A. P. sinistra. B. P. .xylinoides

with variation in apex shown. C. P. ankistron. D. P.

smithsoni. c = callosum. Scale = 1 mm.

dissection by removing scales from the pos-

terior edge of the terminal sclerites of both

males and females. Locality and wing col-

oration can also be used to separate some
species.

Key to P. xylinoides Species Group
(Figs. 2, 4-10)

1. Caudal edge of female eighth sternite flat,

smooth, lacking lateral projections (Fig. 5C);

male unknown; species apparently monomor-
phic, female coloration same as male P. xyli-

noides (Fig. lA); range: southern Brazil

P. anapiesma
- Caudal edge of female eighth sternite either

smooth or serrate, with lateral projections; male

eighth sternite with slightly asymmetrical,

deeply invaginated edge or with crenulate edge;

sexually dimorphic, males with darker, narrow

forewings (Fig. 1 A), females paler with broader

forewings (Fig. IB) 2
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Description. — Coloration: Forewings

pale. Female eighth sternite cleft with

oblique rise to lateral edges (Fig. 5A). Wings:

Average male wingspan 42 mm, range 37-

48 mm (N = 30); average female wingspan

54 mm, range 47-60 mm (N = 15).

Male (Figs. 2, 7B, 8A).— Valve: As in spe-

cies-group description. Uncus: Hood edges

crenulate; ventral surface covered with se-

tae, slightly concave with mid-ventral, ver-

tical ridge; socii broader, symmetrical.

Anellar region: Costulae long, evenly wide,

extending as thick anellar ridges above juxta

with setae from outer edge, near midplate.

Aedeagus: Distiphallus pointed with small

lateral tooth near base of vesica but lacking

large process (Fig. 7B).

Female (Figs. 4, 9k).— Papillae anales:

Posterior apophysis long and thin (approx-

imately 35 mm). Eighth tergite: Large, mid-

dorsal prominence with longitudinal groove;

anterior apophyses short. Eighth sternite:

Two, large lateral processes present; divided

mid-ventrally by membranous groove; cau-

dal margin asymmetrically serrate; lamellae

antevaginalis folded, W-shaped, heavily

sclerotized. Ductus bursae: Sinus vaginalis

sclerotized, antechamber membranous with

ductus seminalis arising from left side. Cor-

pus bursae: Membranous; signae cephalad

as paired rounded spinose projections.

Discussion.— I have confirmed the Schaus

(1901) synonymy of P. pinna with P. xyli-

noides. Mr. D. Goodger (BM) kindly dis-

sected the Walker male type and Druce fe-

male type and compared them to drawings

I provided. Both Walker and Druce based

their descriptions on single specimens.

The range of P. xylinoides overlaps with

all other species in the complex. Females of

P. xylinoides can be separated from females

of all other species without dissection. Ex-

amination of the denuded seventh sternite

reveals the ovipositer and surrounding

eighth sternite and tergite whose shapes are

species-specific (Fig. 5A, B).

Males of P. xylinoides only occasionally

require dissection to be identified. They can

be separated from P. sinistra and P. smith-

soni by examining denuded eighth stemites

(compare Fig. 6A, B & C). In South Amer-
ica, the hind wings of P. xylinoides tend to

be darker than those of P. ankistron. But

dissections are needed in most cases to sep-

arate these two species. The aedeagus of P.

ankistron has a large right-hand process (Fig.

7C), whereas P. xylinoides lacks one (Fig.

7B).

Geographic range. — Mexico-Panama,
Venezuela, Ecuador.

Altitudinal range.— 50 m-1350 m.

Holotype. — Male. Edema xylinoides

Walker. Santa Martha [Colombia]. Natural

History Museum, London.

Other types.— Female. Symmerista pinna

Druce. Panama, Volcan de Chiriqui. Nat-

ural History Museum, London.

Specimens examined (genitalic prepara-

tions: 12 males, 6 females).-MEXICO
Orizaba, 12°07' (1 m, slide 43,322 NM)
Misantla Veracruz, VI 1911 (1 m, AM)
Misantla, 1914 (1 f, slide 1527 BM); Jalapa

(1 m, NM); San Luis Potosi, Tamazunchale,

V-22-1977 (1 f, AM). GUATEMALA: Dept.

Suchitepequez, Cuyotenango, 10-20 June

1966 (2 m, NM; 1 f, slide 44,209 NM); Ca-

yuga, IV (2 m, NM), V (1 m, slide 44,210

NM), June (2 m, 1 f, NM), Jan. (1 m, CM).
HONDURAS: Lancetilla, Tela, 28-1V-3

5

(1 f, slide SJW541 MCZ), V-1-35 (1 m, slide

SJW539 MCZ); Cortes, Lagovojoa, 18 km
NE el Mochito, 20/2 1 Aug. 74 ( 1 m, LACM);
Chambolin 1 789 (1 m, NM). COSTA RICA:
Golfito, 27 March 1957 (1 m, LACM); Six-

ola Riv. March (1 m, CM); Sitio (1 f, NM);
Guapiles, May (1 m, NM), Nov. (1 m, 1 f,

NM); Tuis, July (1 m, NM); Juan Vinas,

Jan. (1 f, CM), May (1 f, slide 43,330 NM);
San Jose, Estacion Carillo Pk, Nac. Braulio

Carrillo, 700 m Jan. 1985 (1 m, DJ), April

1985 (1 m, DJ), June 1985 (1 m, DJ), July

1984 (3 m, 1 f, DJ), Aug. 1984 (1 m, DJ),

Sept. 1984 (1 m, 1 f, DJ), Oct. 1984 (2 m,

DJ), Dec. 1984 (1 m, 1 f, DJ); Guanacaste

Prov. 4 km E Casettilla, Rincon Nat. Pk.

1 8 Oct. 1 982 (2 m, DJ); Heredia Prov. Finca
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de la Selva (OTS) Puerto Viejo de Sarapiqui,

50 m, 14-15 Nov. 1982 (2 m, DJ); Cartago

Prov. Moravia de Chirripo, 1000 m, 10 May
1983 (4 m, DJ); Alajuela Prov. El Angel

waterfall, 1350 m, 8.2 km downhill Vera

Blanca, 22 April 1984 (1 f, DJ); Banana

River, March 1906 (1 f, NM); Sirena Cor-

covado Nat. Pk. Osa Penin, 23 March 1984

(1 m, DJ). PANAMA: Barro Colorado Is-

land, C.Z. 23-X-1941 (1 m, NM), 16-10-

1941 (1 m, NM), 10 Oct. (1 m, NM), 9-26-

1941 (1 m, NM), 3-VII-1941 (1 m, slide

44,213 NM). VENEZUELA: Las Quigas,

July (1 m, slide SJW726 CM), Nov.-March
(1 f, slide SJW727 CM), May (1 m, CM),
June (2 m, CM), Aug. (3 m, CM), July (1

m, CM), Nov.-March 10 (CM: 5 m, 1 f,

slide SJW823; 5 m, slides SJW8 1 6, SJW8 1 7,

SJW820, SJW82 1 , & SJW822); San Esteban

Valley (1 m, CM); Aroa (1 f, 1 m, NM);
Valera (1 m, NM). ECUADOR: Carchi,

Chical, 1250 m, 0°56'N, 78°11'W, 17 July

1983 (1 m, slide SJW645 CM), 30 July 1983

(1 m, CM); Pichincha, Tinalandia, 12 km
SE Sto. Domingo, 79°04'W, 0°17'S (1 m,
slide SJW831 SJW).

Pentobesa sinistra New Species

Diagnosis.—The male eighth stemite is

deeply U-shaped (Fig. 6B). The caudal edge

of the female eighth stemite is asymmetri-

cally serrate (Fig. 5D) and possesses two

lateral processes that are only slightly longer

than the serrations. The female eighth ter-

gite has a small mid-dorsal prominence (Fig.

5E). In general, both males and females are

darker than previous species, but pale spec-

imens occur.

Description. — Co/c>ra//o«.' Males dark

reddish brown, females paler than males but

darker than P. xylinoides females. Wings:

Average male wingspan 41 mm, range 38-

46 mm (N = 54); average female wingspan

49 mm, range 44-55 mm (N = 23).

Male (Figs. 7A, 8B).— Valve: Saccular base

more square than P. xylinoides, midplate

flat, expanded with setal patch broader, se-

tae less robust than in P. xylinoides; costa

broader distally. Anellar region: Costulae

very reduced; anellar ridge less robust, ridge

setal patch reduced compared to P. xyli-

noides; juxta rectangular, fused to saccular

base. Aedeagus: Distiphallus with left-hand,

curved process and right-hand, lateral tooth

(Fig. 7A).

Female (Figs. 5D, 5E, 9^).-Seventh ster-

nite: Cleft with oblique rise to lateral edges.

Eighth tergite: With small, mid-dorsal

prominence that is grooved dorsally; ce-

phalic edge strongly M-shaped; anterior

apophyses longer than in P. xylinoides.

Eighth stemite: Mid-ventral area membra-
nous; caudal edge serrate, asymmetrical; la-

mellae antevaginalis not folded, instead flat

with ostium bursae exposed. Ductus bursae:

Membranous with narrow melanized strip

ventrally; ductus seminalis from intersec-

tion of corpus bursae and ductus bursae.

Corpus bursae: Rounded with two types of

signae: cephalically, a pair spinose and

rounded like P. xylinoides, caudally a single,

tooth-like process near opening of ductus

bursae.

Discussion.—The range of P. sinistra

overlaps extensively with P. xylinoides. It

co-occurs to a lesser degree with P. ankis-

tron in South America and P. smithsoni in

the Dominican Republic. Specimens of P.

sinistra can be correctly identified by ex-

amining the descaled terminal stemites of

either sex.

Etymology.—The name "sinistra" is a

Latin adjective and refers to the left-hand

process emanating from the male disti-

phallus.

Geographic range. — Mexico-Panama,
Caribbean, Venezuela, French Guiana, Bra-

zil.

Altitudinal range. -380-700 m.

Holotype.— Male. Tuis, Costa Rica; July;

Schaus and Barnes, coll. National Museum
of Natural History.

Paratypes.— 95 (genitalic preparations: 12

males, 8 females).—MEXICO: Yaxoquin-

tela, Chiapas, 16°58'N, 91°47'W, 560 m, 24

Aug. 1978 (1 m, CM); Puerto Elegio Muni-
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cipio, Comaltepec, Oaxaca, 2296 ft [753 m]
IX-28-1961 (1 m, AM); Vera Cruz, Cor-

doba, 23-30 Aug. 1965 (1 m, NM). GUA-
TEMALA: Dept. Suchitepequez, Pte. Ixta-

capa, 18-19 June 1966 (1 m, NM); label nr

Matias de Galvez, 26-27 June 1966 (1 m
NM); Cayuga, March (1 m, NM), May (NM
1 m, 3 f, slide 44,211), Dec. (1 m, NM)
Quirigua, May (1 f, CM). EL SALVADOR
Santa Tecla, 900 m, 26-27 Feb. 68 (1 m,

NM). HONDURAS: Cortes lago Yojoa, 18

km NE El Mochito, 20-21 Aug. 74 (1 m,

LACM); Lancetilla, Tela, 27 Feb. 1935 (1

m, slide SJW540 MCZ); Rio Grande, July

1935 (1 m, slide 1531 BM). COSTA RICA:
San Jose, Estacion Carrillo Pk, Nac Braulio

Carrillo, 700 m, July 1984 (4 m, DJ; 1 m,

slide 43,331 NM), Aug. 1984 (3 m, DJ),

Sept. 1984 (3 m, DJ); Guapiles, Dec. (1 m,

CM), July, 850 ft [280 m] (1 m, NM); Tuis,

July (2 m, NM); Juan Vinas, June (1 m,
CM), May (1 f, slide 44,212 NM); Puntare-

nas, Osa Peninsula, 1.8 mi W of Rincon, 27

Feb. 1971 (2 m, LACM). PANAMA: Barro

Colorado Island, CZ 5 Feb. 1935 (1 f, slide

SJW542 MCZ), 18-28 April 64 (2 m, NM);
10-17 May 64 (1 m, NM), 8-12 June 1967

(2 m, LACM), 2 July 1941 (1 m, NM), 3

July 1941 (1 m, NM), 11 July 1941 (1 m,

1 f NM), 23 July 1941 (1 f, NM); Rio Trin-

idad, June (1 f, NM). ST. LUCIA: 1 mi NW
Soufriere, 18-28 Nov. 1975 (2 m, slide

44,214 NM); 1.5 mi S Mt. Gimie, 19-24

Nov. 1975 (1 m, 1 f). DOMINICA: S. Chil-

tem, 6 Feb. 1964 (1 m, NM), 14 May 1964

(1 m, NM), Clarke Hall, 3 May 1964 (2 m,
NM), 8 Oct. 1966 (1 m, NM), 26-30 Nov.
1964 (1 m, NM), 18 Feb. 1965 (1 m, NM);
21 Jan. 1965 (1 m, NM), 22 Jan. 1965 (2

m, NM); 5 Feb. 1965 (1 m, NM), 9 Feb.

1965 (1 m, 1 f, NM); Grand Bay 13 March
1964 (1 m, NM); Chiltem East 3 March
1965 (2 m, NM), Pont Casse, 3 April 1965

(1 m, NM); Pont Casse 2 mi NW, 5 May
1965 (1 m, NM), 23 May 1965 (1 m, NM);
18 April 1965 (1 m, NM), 20 April 1965 (1

m, NM), 21 April 1965 (1 m, 1 f, NM);
Syndicate Est. 5 March 1964 (1 m, NM);

La Vega Prov. Hotel Montana ca 520 m, 10

km NE Jarabacoa, 28 May 1 973 ( 1 m, NM).
British West Indies: Antrim 1000 ft [328

m], 12 March 1956 (3 m, 1 f, NM), 13 March
1956(2m,NM), 13 March 1956(1 m,NM).
FRENCH GUIANA: Pied Saut, Oyapok
River, March 1 9 1 8 (2 m, slide SJW409 CM),
Feb. 1918 (4 m, CM); St-Laurent du Ma-
roni, 4 April (1 m, NM). BRAZIL: Huyu-
tanahan, Rio Purus, March 1922 (1 f, slide

SJW732 CM); Prob. Sao Paulo (1 m, CM);
St. Catherines (NM: 4 m, slide 44,355);

Hansa Humboldt, St. Catherines (2 m, NM).

Pentobesa ankistron New Species

Diagnosis.—The male aedeagus possesses

a large curved, right-hand process and bi-

furcate distal process on the distiphallus (Fig.

7C). The female eighth stemite has two very

long, narrow lateral processes and its caudal

edge is smooth (Fig. 5G). The female eighth

tergal process is narrow, curved, and ending

distally in an indented ridge (Fig. 5H).

Description. — Co/ora?/o«." Males dark

reddish brown, females as in Fig. IB, but

over-all coloration darker than females of

P. xylinoides. Wings: Average male wing-

span 46 mm, range 40-50 mm (N = 16),

female 56 mm, range 54-60 mm (N = 9).

Male (Figs. 7C, ?>C).-Eighth sternite:

Caudal edge sinuate. Valve: Similar to P.

xylinoides except larger; caudal process of

costa more narrow and pointed than in P.

xylinoides. Uncus: Similar to P. xylinoides

except ventral surface completely and deep-

ly concave; and socii more narrow and

slightly asymmetrical. Anellar region: Cos-

tulae constricted distally, with rounded, dis-

crete ends compared to P. xylinoides whose

costulae gently taper distally. Aedeagus:

Distiphallus with curved right-hand pro-

cess, and bifurcate distal extension on left.

Female (Figs. 5G, 5H, 9C).- Seventh

sternite: Cleft with oblique rise to lateral

edges. Eighth tergite: Midventral process

large, curved and narrow, ending distally in

toothed ridge; anterior apophyses short and

strongly curved; cephalic edge weakly
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M-shaped. Eighth sternite: In addition to

Diagnosis, lamellae antevaginalis folded

with ostial edge nearly straight, cephalic edge

W-shaped. Ductus bursae: Very short, broad,

lightly sclerotized. Corpus bursae: Membra-
nous with antechamber; ductus seminalis

arising from antechamber; one pair of spi-

nose signae present.

Etymology.—The name "ankistron" is a

Greek noun in opposition and means
"hook." The name refers to the curved pro-

cess on the male distiphallus.

Geographic range.— Venezuela, French

Guiana, eastern Ecuador, eastern Peru, Bra-

zil.

Altitudinal range. -290 m-3000 m.

Holotype.— Male. St. Laurent du Maroni,

Guyana Francaise. Dognin Collection.

Genitalia slide no. 44,339. National Mu-
seum of Natural History.

Paratypes.— 52 (genitalic preparations: 19

males, 3 females).-VENEZUELA: T. F.

Amaz. Cerro de la Neblina, Basecamp 140

m, 0°50'N, lO'W, 1-9 Feb. 1985 (1 f, slide

44,335 NM), rainforest clearing near Rio

Baria, 21-23 Jan. 1985 (1 m, NM).
FRENCH GUIANA: Pied Saut, Oyapok
River, Feb. 1918 (CM: 6 m, slide SJW819),

March (1 m, CM); St. Laurent du Maroni
(NM: 3 m, slides 44,222, 43,328 & 44,339),

Sept. 1904 (1 m, NM); Mana River, May
1917 (2 m, CM); Mazaruni Potaro District,

Takutu Mountains, 6°15'N, 59°5'W, 6 Dec.

1983 (1 m, NM); Mazaruni Potaro District,

Dartabo Point, 22 Dec. 1983 (1 f, NM).
ECUADOR: Zamora Chinchippe, Yanzaza

15 June 1976 (1 m, slide 44,341 NM).
PERU: Santo Domingo, SE Peru, 6000 ft

[2000 m], Nov. 1904 (1 m, slide 1532 BM);
Monzon Valley, Tingo Maria, 2 1 Nov. 1954

( 1 m, CAS); Madre de Dios, Rio Tambopata
Res. 30 air km SW Puerto Maldonado, 290

m, 1-26 Nov. 1982(1 m, CAS), 1 1-1 5 Nov.
1979 (NM: 1 m; 1 m, slide 44,224), 6-10

Nov. 1979 (1 m, NM), 16-20 Nov. 1979 (1

m, NM), 26-30 Nov. 1979 (2 m, NM); Pas-

co, Dept. Rio Pichanaz, 64 km SW Puerto

Bermudez, 10°27'S, 75°05'W, 12 Sept. 1987

(3 m, NJ); Paco, San Juan de Cacazu, 31

km NWE Villa Rica, 10°35'S, 75°07'W, 13

Sept. 1987, 830 m (1 m, CUIC), 17 Sept.

1987 (1 m, slide SJW725 CUIC); Paco, 250
m, Iscozacin, 13 Aug. 1987, 20:00-21:30 h

(1 m, CUIC). BRAZIL: Hyutanahan Rio
Purus, Feb. 1922 (CM: 2 m, slides SJW731
& SJW826; 5 m), March 1922 (3 m, CM),
Jan. 1922 (1 m, CM); St. Catherines (1 m,
NM); Nova Olinda Rio Purus, May 1922

(1 m, CM), June 1922 (1 m, CM); Mira-

cema, Rio Purus, April 1922 (5 m, CM);
Rio Manes, Amazonas (1 m, NM).

Pentobesa smithsoni New Species

Diagnosis.— This species is known only

from the Dominican Republic. Both sexes

have pure white hindwings, and the fore-

wing coloration is paler than P. sinistra

whose range overlaps. The caudal edge of

the female eighth sternite is nearly smooth
and the sternite is membranous midven-
trally (Fig. 5F). The female eighth tergal

process is square (Fig. 51). The caudal edge

of the male eighth sternite is nearly straight

with an abrupt, left-hand process (Fig. 5C).

The distiphallus curves, and has a small left-

hand process with blunt teeth encircling it

(Fig. 7D). The vesica is more deeply cleft

than in other species in this complex.

Description.— C<9/ora//o/7." Forewing typ-

ical for complex; hindwing of both sexes

pure white. Wingspan: Male 39-40 mm (N
= 2); female 46 mm (N = 1).

Male (Fig. 7D, 8D).- Valve: Costa more
triangular distally, membranous area re-

duced, with stout setae; midplate flat. Un-

cus: Distal hood round, much smaller than

other species in complex; socii with swollen

bases. Anellar region: Costulae narrow, ter-

minus semicircular, rounded edge serrate;

juxta elongate, triangular. Aedeagus: As in

Diagnosis.

Female (Figs. 5F, 51, 9D).—Eighth ter-

gite: Mid-dorsal process square with small

lateral indentations on caudal edge; cephalic

edge rounded with small mid-dorsal notch.

Eighth sternite: Resembling P. xylinoides
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Fig. 10. Female genitaVia of P. anapiesma.

but less symmetrical and both halves sep-

arated by distinct, membranous area; small

lateral processes present; lamellae anteva-

ginalis folded, edge uneven. Ductus bursae:

Dorso-ventrally flattened, upper portion

sclerotized, becoming membranous before

joining corpus bursae. Corpus bursae: Mem-
branous antechamber with small melani/cd

patch on left; paired signa fused, gently

rounded, spinose; ductus seminalis arising

from right side of antechamber.

Etymology.—The name "smithsoni" is a

noun in opposition derived from the proper

name Smithson. This species is dedicated

to Mr. Smithson whose generosity laid the

foundation of the Smithsonian Institution.

Geographic range.— Dominican Repub-

lic.

Altitudinal range.—400-760 m.

Holotype.— Male. Dominican Republic:

La Estrelleta Prov. 4 km SE Rio Limpio, ca

760 m, 24-25 May 1973, Don & Mignon

Davis; Genitalia slide no. 44,357. National

Museum of Natural History.

Paratypes.-2. DOMINICAN REPUB-
LIC: Same label data as holotype ( 1 m, NM);
Dajabon Province, 13 km S Loma de Ca-

brera ca 400 m 20-22 May 1973 (1 f, slide

44,360 NM).

Pentobesa anapiesma New Species

Diagnosis.—The coloration of the female

resembles a male P. xylinoides. The lamel-

lae antevaginalis is hinged with the eighth

stemite and the ostium bursae appears to

originate in the middle of it (Fig. 10). The
female eighth stemite is large, broad and

the caudal edge is unmodified (Fig. 5C). The
male is unknown.

Description.— Coloration similar to P.

xvlinoides. Female wingspan 46 mm (N =

1).

Male.— Unknown.
Female (Figs. 5C, \Q).— Seventh stemite:

Caudal edge straight, but central area de-

melanized, appearing glandular. Papillae

anales: Heavily melanized, setae short; pos-

terior apophyses dorsal, short (less than 0.5

mm); band of sclerotized cuticle supporting

them that broadens ventrally. Eighth ter-

gite: Broad, posterior edge with slight mid-

dorsal hump; constricted U-shaped groove

mid-dorsum; anterior apophyses stout,

short, pointed dorsally. Eighth stemite:

Broad, caudal edge lacking setae; lamellae

antevaginalis as in Diagnosis. Ductus bur-

sae: Tubular, upper half partially sclero-

tized; ductus seminalis arising from ductus

bursae near ostium bursae. Corpus bursae:

Lacking antechamber, small, membranous
with single, bifurcate, spinose signa.

Discussion.— This species is only known
from Para, Brazil.

Etymology.—The word "anapiesma" is a

Greek noun in opposition and means "trap-

door." The name refers to the unique con-

figuration of the female lamellae antevagin-

alis.

Geographic range.— Para, Brazil.

Altitudinal range.— 850 m.
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Holotype.— Female. Para (A. M. Moss)/

Rothschild Bequest 1939-1. Notodontidae

genitalia slide no. 1309 f. Natural History

Museum, London.
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REVISION AND PHYLOGENETIC ANALYSIS OF THE NEW WORLD GENUS
ONEIDA HULST (LEPIDOPTERA: PYRALIDAE: EPIPASCHIINAE),
DESCRIPTION OF A NEW GENUS AND COMMENTS ON THE

CODING OF SCALE COLOR CHARACTERS

M. Alma Sous'

Department of Entomology, University of Maryland, College Park, Maryland 20740,

USA.

Abstract. —The genus Oneida is revised, and five species are recognized: lunulalis Hulst

(the type species); mejona Schaus; mannorata Schaus; luniferella Hulst; grisiella new
species. Oneida diploa Dyar is designated a junior synonym ofO. luniferella Hulst. Dasyves-

ica Solis, the sister group of Oneida, is described as a new genus. It includes several new

combinations: D. nepomuca Schaus, D. lophotalis Hampson, and D. crinitalis Schaus. An
estimated phylogeny of the species of Oneida is presented. The use of unpolarized scale

color characters is discussed.

Key Words: Oneida, Dasyvesica, Pyralidae, phylogeny

Oneida was described by Hulst in 1889

based on one species, lunulalis Hulst. The
present concept of Oneida includes five spe-

cies, lunulalis Hulst, the type species, lunif-

erella Hulst, mejona Schaus, marmorata
Schaus, and a new species, grisiella Solis.

The members of this genus occur in Central

America north into the eastern and western

areas of North America. The new species is

from West Texas. Based on a phylogenetic

study of related genera of the Epipaschiinae

(Solis 1989), Oneida is closely related to

Dasyvesica, a new genus with a neotropical

distribution.

Rarely has scale color been used as a char-

acter in cladistic studies ofLepidoptera (e.g.

Mitter and Silverfine 1988), but a devel-

opmental basis does give taxonomic value

to scale color characteristics. In this paper

the developmental basis of chemically in-

duced scale color is applied to the coding of

' Present address: SEL, USDA, % Nat. Mus. Nat.

Hist., NHB 168, Washington, D.C. 20560.

certain color scales in delimited areas of the

wing. Such additional information sup-

ported morphological data and resolved a

trichotomy.

Materials and Methods

Names applied to wing veins and mark-

ings correspond to those used by Forbes

(1923) and Wootten (1979). The forewing

length is measured from base to apex in-

cluding fringe. The width is measured from

apex to anal angle. Terminology applied to

structures of the genitalia follow Klots

(1956). All measurements correspond to the

mean value when more than one specimen

was dissected. Data on the specimen labels

is reported exactly as written.

The cladistic analysis was executed with

the Hennig86 program by J. S. Farris on a

character matrix (Table 2) of 6 taxa and 1

6

characters. The matrix consisted of twelve

binary and four three-state characters. The
analysis produced the best estimate of the

relationships among taxa based on a min-
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imum number of character transforma-

tions. Each character transformation series

is polarized, that is, the direction ofthe sup-

posed evolution of a character from a ple-

siomorphic to an apomorphic state is de-

termined. Polarization in this study was

accomplished with the outgroup method.

The genus Dasyvesica Solis was chosen as

the outgroup after inspection of the related

genera (Solis 1989).

The material examined is deposited in the

following institutions: AMNH—American

Museum ofNatural History, New York City,

New York; CNC— Canadian National Col-

lection, Agriculture Canada, Ottawa, Can-

ada; LEM— Lyman Entomological Muse-

um, McGill University, Ste. Anne de

Bellevue, Quebec, Canada; LACM— Los

Angeles County Museum of Natural His-

tory, Los Angeles, California; MCZ—Mu-
seum of Comparative Zoology, Cambridge,

Massachusetts; UCB— Essig Museum of

Entomology, University of California,

Berkeley, California; USNM— National

Museum of Natural History, Smithsonian

Institution, Washington, D.C.

Results

Hulst (1889) described the genus Oneida

based on the "invisibility" of the maxillary

palpus and the presence of only one pair of

spurs on the male hind tibia. But Oneida

does have maxillary palpi and many other

genera also have only one pair ofspurs. Oth-

er genera share similar wing venation with

Oneida.

Hampson (1896) synonymized Tioga

Hulst, Tallula Hulst, and Oneida based on

the length of the labial palpus and the wing

venation but later recanted the synonymy
in an unpublished manuscript. Janse (1931)

stated that Hampson was correct in recog-

nizing Oneida as a separate genus in un-

published work because of pronounced dif-

ferences in the wing venation and tibial spurs

between Oneida and Tioga. I found that one

pair of tibial spurs in the male and two pairs

in the female are found in a large number

of genera (including Oneida and Tallula) in

the Epipaschiinae (Solis 1989). Tioga and
Tallula are not synonyms of Oneida and

their status will be discussed in a future pub-

lication.

Oneida is diagnosed by one autapomor-

phy, the base of the juxta lacking a me-
dial lobe, but with a convex midventral

deformation. Based on an analysis of the

Pococfra-complex (Solis 1989), the genus

Oneida is defined additionally by one hom-
plasious character, a simple second, un-

modified labial segment, which also occurs

in Tallula, Chloropaschia Hampson, Roe-

seliodes Warren, Cecidipta Berg, Deutewl-

lyta Lederer, Anarnatula Dyar, Cacozelia

Grote, Toripalpus Grote, and several un-

described genera. The sister group relation-

ship o{ Oneida and Dasyvesica, a new genus

herein described, is well defended by two

unique synapomorphies and one homopla-

sy. They share a "sclerite" whose anterior

portion reaches a midventral position; in

most epipaschiines the "sclerite" does not

reach a midventral position. The "sclerite"

is a section of the tegumen, postero-ven-

trally articulating with the gnathos and an-

teriorly has an extension of various lengths,

that is highly sclerotized and separated by

membrane from the dorsal part of the te-

gumen. The presence of this "sclerite" is a

synapomorphy of the Epipaschiinae (Solis

1989). Oneida and Dasyvesica share a juxta

without lobes; the common condition is the

presence of a medial lobe. They also share

the lack of the sclerotized, U-shaped struc-

ture at the base of the uncus, but this struc-

ture has been lost independently in several

other genera ofthe Pococ^ra-complex (Solis

1989).

Oneida has a postmedial line concave

proximally only from the costa to M2; in

Dasyvesica it is concave from the costa to

M, and then again at CuA, to the posterior

margin of the wing. Oneida has prominent

black scales proximal to the postmedial line

from the costa to M., and Dasyvesica has

dark scales proximal to the median line from
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ters.— Table 1 is a list of the characters and

states used in the construction of a clado-

gram for Oneida.

Character 1 is the length of the valva in

relation to the apex of the uncus. A valva

that is equal to or extending beyond the apex

ofthe uncus is a synapomorphy of lunulalis,

grisiella, and lunifcrella. The other two spe-

cies in Oneida have the plesiomorphic state,

a valva that does not reach or extend be-

yond the uncus apically.

Character 2 is the length of the uncus.

This measurement was taken as a result of

character one because the relationship ofthe

valva to the uncus may not be correlated.

Mejona and marmorata have the apomor-

phic state of the uncus being greater than

0.40 mm in length and luniferella, grisiella,

and lunulalis have the plesiomorphic state

where the uncus is less than 0.40 mm in

length.

Character 3 is the relationship ofthe width

of the apex of the uncus to its width at the

midpoint. The apomorphic state that the

uncus is less wide at the apex than at the

midpoint is a synapomorphy for mejona and

marmorata. The remaining three species

have the plesiomorphic state, an uncus that

is wider at the apex than at the midpoint.

Character 4 is the shape of the juxta an-

teromesally. The juxta is convex in Oneida

and is a synapomorphy ofOneida. Thejuxta
is flat in Dasyvesica.

Character 5 is the presence or absence of

a heavy patch of thick setae on the sacculus

of the valva. The presence of these setae is

a synapomorphy for Dasyvesica.

Character 6 is the degree of sclerotization

of the juxta at the base (anterior) in com-
parison to the arms. A synapomorphy for

Dasyvesica is a base more heavily sclero-

tized than the arms, and in Oneida the arms
and base are uniformly sclerotized.

Character 7 is the signum length in rela-

tion to the diameter ofthe signum base. The
signum base is a circle contiguous with the

membrane ofthe corpus bursae and extends

internally like a cone. The cone is measured

Table 1 . Characters and slates used in construction

of cladogram for Oneida (see text for discussion of

polarization).

1.
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as the signum length. An autapomorphy for

marmorata is a signum length equal to or

less than the diameter of the base. The re-

maining four species have the plesiomorph-

ic state ofa signum longer than the diameter

of the base.

Character 8 is the length of the posterior

apophysis in the female genitalia. An au-

tapomorphy for mejona is the length of the

posterior apophyses less than 0.60 mm. In

the remaining species the length is greater

than 0.60 mm.
Character 9 is a patch of scales that is

longer than the surrounding scales on the

underside of the hindwing where the base

ofCuA, meets the discal cell. This character

is an autapomorphy oUuniferella and is the

main external character that distinguishes

luniferella from grisiella which lacks the long

patch of scales. The remaining species also

lack the patch of longer scales.

Characters 10 through 16 are vestiture

characters, but they could not be polarized.

Dasyvesica species have scale color char-

acteristics not shared with Oneida. Also,

many Epipaschiinae have green-tinted wings

in life, but this color fades to brown or dull-

ish-yellow after they are preserved. Many
of the specimens of Dasyvesica were faded.

Character 10 is the color of scales on the

basal area of the forewing. Character 1 1 is

the color ofthe scales on the postmedial line

from R5 to M. of the forewing. Character

1 2 is the presence of a black terminal line

and is an autapomorphy of grisiella. Char-

acter 13 is the color of the scales on the

apical, membranous area of the forewing.

Character 1 4 is the presence of red scales

on the costal margin to R4 on the underside

of the male forewing. Character 1 5 is the

color of the scales on the underside of the

forewing posterior to R4. Character 1 6 is the

presence of red scales on the costal margin

to R4 on the underside ofthe male hindwing

in mejona and marmorata.

A diversity of selective pressures, i.e. en-

vironmental, predation, etc., havel)een rec-

ognized to be the cause of scale color vari-

ation. Crypsis, aposematic coloration and
mimicry are common in moths and are the

results of such pressures. However, Nijhout

(1980) has shown that the precursor ofeach

scale is one epidermal cell, and in most cases

the color of the scale is determined by the

kind ofpigment present. The different shades

of a color are believed to be caused by the

concentration of the pigment in the scale.

The overall color of an area is merely a

collection of a few monochrome scales. As
coded, the character state is the overall color

depending upon the number of scales of a

certain color present (i.e. the state "cinna-

mon" contains more red scales than the

"brown" state). Also, if two species share

the presence of a scale color they have in-

herited the ability to produce enzymes for

pigment synthesis from a common ances-

tor. Nijhout (1978) also stated that ".
. . the

pattern of each wing-cell (areas on a wing

bordered by wing veins) is determined in-

dependently from the pattern in other cells."

In the case of Oneida, the species-specific

presence of red scales in only certain areas

on the underside of the wings is obvious in

characters 14, 15, and 16.

As mentioned previously, these charac-

ters could not be polarized because states

are not shared between the ingroup and out-

group. Without an understanding of the ex-

act chemical composition, evolution and

genetic control of these pigments it is im-

possible to determine whether the presence

ofcertain pigments is derived. The Hennig86

program has the capability to include un-

polarized data in the analysis; and, in the

case of Oneida, scale color characters sup-

port morphological characters and resolve

a trichotomy.

Phylogenetic analysis.— The character

matrix (Table 2) was analyzed in two steps

to determine the effect of unpolarized scale

color characters. First, a matrix using only

characters 1 to 9, excluding all scale color

characters, was analyzed. This produced a

tree with a length of 9, a consistency index

of 100, and a retention index of 100 (Fig.

1
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ONEIDA
# apoinorphy

Fig. 7. Cladogram of Oneida excluding scale color characters.

Fig. 8. Cladogram oi Oneida including scale color characters.

7). The next analysis, including the scale

color characters (characters 10-16), pro-

duced one tree with a length of 24, a con-

sistency index of 83, and a retention index

of 66 (Fig. 8). The two trees are identical,

except that the second analysis resolved the

trichotomy of lunulalis-luniferella-grisiella

showing luniferella and grisiella as sister

species.

Taxonomic Revision

Oneida Hulst

Oneida Hulst, 1 889: 63. Type species: Onei-

da lunulalis, Hulst, 1889, by monotypy.

Diagnosis.— (9«d<i<3 is diagnosed by one

autapomorphy, the base of the juxta is con-

vex midventrally, and one homoplasious

character, a simple second labial segment.



814 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

Table 2. Character matrix for the genus Oneida. Dasyvesica is the outgroup.
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and red scales. Antenna with white and

brown scales alternating at each segment.

Scape red. Extension from scape brown.

Thorax: Patagium with red and brown
scales. Terga with scales dark brown with

red tips. Tegula brown. Forelegs and mid-

legs brown; hindlegs red.

Forewing: 9-1 1 mm. Basal area brown
and green. Antemedial band white; area be-

tween antemedial line and median line, be-

ginning at antemedial line olivaceous, dif-

fusing to light brown at median line; raised

scales present in this area. Costal margin,

beginning at median line, red. Reniform area

white; subreniform area white with choco-

late-brown scales. Postmedial band prom-

inent from costa to M2, dark brown proxi-

mally and white distally; dark brown
posteriorly from R5-M2. Adterminal line and

terminal line dark brown. Apical area dark

brown and veins outlined with chocolate

brown scales. Underside of forewing beige;

costal margin from base to R4 red. Hind-

wing: Mostly beige. Termen brown. Un-
derside beige; costal margin red. No patch

of longer scales between base of CuA, and

discal cell. Abdomen: Terga and sterna of

seventh segment with red scales.

Genitalia: Valva extending beyond un-

cus; length of uncus = 0.32 mm; width of

uncus at apex = 0.15 mm (n = 7).

Female. Head: Similar to male, except

that extension from scape not present.

Thorax: Similar to male. Foreleg and

midleg brown; hindleg white.

Forewing: Similar to male. Underside

brown; costal margin red at antemedial line,

beige to apex with apex red. Hindwing: Sim-

ilar to male. Underside similar except over-

all color brown.

Abdomen: Seventh segment with scales

brown anteriorly, beige distally.

Genitalia: Length of posterior apophysis
= 0.83 mm; signum length longer than di-

ameter ofbase (diameter = 0. 1 2 mm; length

= 0.40 mm) (n = 6).

Biology. —One specimen was reared from

red oak {Quercus rubra) in Gait and Eas-

ton's Comer in southern Ontario (Prentice

1965). Another specimen reared on beech

in September from Grenville, Ontario (Rai-

zenne 1952). T. Harrison reared a larva on

Quercus sp. that was bred from ova from a

female collected at UV light at Fox Ridge

State Park, Cole Co., Illinois, 1 1 -VIII- 1990.

Specimens have been collected at elevations

from 2000 to 3865 feet.

Distribution.— In eastern North America

from Nova Scotia and southern Ontario

south to Florida and Texas.

Summary of material examined.— Lec-

totype designated by Rindge (1955) (as

above); syntypes, two females, Fernald

Collection]., Type No. 40029 (USNM); one

male. Cook, 6/25/86, donated by Geo. D.

Hulst; in Canada from southern Ontario,

southern Quebec and Nova Scotia; in the

United States: Maine, Massachusetts, New
York, Connecticut, Pennsylvania, New Jer-

sey, Maryland, Ohio, Virginia, North Car-

olina, Tennessee, South Carolina, Florida,

Texas, Arkansas, Missouri, Illinois, Mich-

igan.

Oneida luniferella Hulst

(Figs. 4, 11, 12)

Oneida luniferella Hulst, 1895: 53. Lecto-

type male, Colo[rado]., Bruce, Collection

G. D. Hulst (AMNH).
Oneida diploa Dyar, 1920: 198. Holotype

male, Zacualpan, Mexico, July, R. Miiller

collector. Type No. 23634 (USNM). NEW
SYNONYMY.

Oneida luniferella racepallidalis Barnes and

Benjamin, 1924: 199. Holotype male,

Tom Spalding, Stockton, Utah, VI- 16- 14

(USNM). NEW SYNONYMY.

Description.— Male. Head: Vertex with

red and white scales. Labial palpus gray.

Antenna with white and brown scales al-

ternating. Scape and extension gray.

Thorax: Patagium gray with a few rufous

scales. Terga with scales gray black and red

tips. Tegula gray. Foreleg and midleg gray;

hindleg white.
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Forewing: Winglength 11-13 mm. Basal

area gray. Antemedial band gray; area be-

tween antemedial and medial line red; raised

scales between antemedial and medial line

with white scales centrally and black scales

on either side. Color of costal margin re-

sembling rest of wing. Reniform area gray.

Subreniform area gray with black scales.

Postmedial band prominent from costa to

M2; chocolate brown proximally, white dis-

tally; patch from R5-M. with dark brown
and red scales. Adterminal and terminal line

chocolate brown. Apical area chocolate

brown with veins outlined in black. Un-
derside beige; costal margin red.

Hindwing: Beige. Termen brown. Under-

side beige; costal margin red. Area with long

beige scales where base ofCuA, meets discal

cell.

Abdomen: Second and seventh segments

gray with red scales.

Genitalia: Valva extends beyond uncus;

length of uncus = 0.25 mm; width of uncus

at apex = 0.11 mm (n = 8).

Female. Head: Similar to male, except

that extension from scape not present.

Thorax: Similar to male.

Forewing: Similar to male. Apical area

red. Underside brown; costal margin white.

Hindwing: As in male. Patch oflong scales

where base of CuA, meets discal cell not

present.

Abdomen: Second segment with scales

brown, beige distally.

Genitalia: Length of posterior apophysis
= 0.92 mm; signum length longer than di-

ameter (diameter = 0. 1 8 mm; length = 0.3

1

mm) (n = 7).

Biology.—Unknown. Specimens have
been collected at elevations of4880 to 7900
feet.

Distribution.—Western United States and
Mexico.

Summary of material examined.— /w/7z/-

erella: lectotype designated here (as above);

types: one male, Colo[rado]., Bruce, Collec-

tion G. D. Hulst; one male, Colorado].,

Collection]. G. D. Hulst and another male

labelled Collection]. G. D. Hulst (AMNH);
luniferella race pallidalis: holotype (as

above); diploa: holotype (as above); one fe-

male paratype, R. Miiller Collector, Zacual-

pan, Mexico, May, 1919, Paratype No.

23634 (USNM); in the United States: Utah,

Colorado, Arizona and New Mexico; in

Mexico: Chihuahua, Sinaloa, and Nuevo
Leon.

Remarks.— Barnes and Benjamin (1924:

1 99) described pallidalis as a geographical

race of luniferella, a form whose ground col-

or is white and in all other respects like

luniferella. The name diploa Dyar is a junior

synonym of luniferella.

Oneida mejona Schaus

(Figs. 1, 13, 14)

Oneida mejona Schaus, 1922: 209. Holo-

type male, Schaus and Barnes collection,

Volcan S[an]ta. Maria, Guat[emala].,

Oct[ober]., Type No. 25650 (USNM).

Description.— Male. Head: Vertex red.

Labial palpus gray. Antenna dark brown.

Scape and extension with red and brown
scales.

Thorax: Patagium red. Terga scales gray

black with rufous tips. Foreleg brown; tarsal

segments brown and distally white. Midleg

and hindleg brown.

Forewing: Winglength 9-1 1 mm. Basal

area red and brown. Antemedial band brown

with upraised scales; area between ante-

medial and median line green. Median line

white, not prominent posteriorly. Costal

margin red and brown. Reniform area white;

subreniform area brown with upraised

scales. Postmedial line white from costa to

M2, less prominent posteriorly; bordered

with red and brown scales; red and brown

scales between R5-M2. Adterminal line and

terminal line brown. Apical area and veins

red and brown. Underside beige; red from

Sc to posterior margin of discal cell; costal

margin beige.

Abdomen: Beige.

Genitalia: Valva not extending beyond
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uncus; length of uncus to base = 0.49 mm;
width of uncus at apex = 0.03 mm (n = 2).

Female. Head: Similar to male, except

that extension from scape not present.

Thorax: Similar to male.

Forewing: Upper side same as male. Un-
derside brown; costal margin red.

Hindwing: Upper side same as male. Un-
derside beige; red between costa and Sc.

Abdomen: Same as male.

Genitalia: Length of posterior apophysis

= 0.57 mm; length of signum longer than

diameter (diameter = 0.15 mm; length =

0.35 mm) (n = 1).

Biology.—Unknown.
Distribution.— Mexico and Guatemala.

Because so few specimens have been col-

lected, the range of this species is poorly

known.

Summary of material examined.— Holo-

type (as above); Mexico: Orizaba, Cosco-

matepec, Cd. Victoria, and Linares; Gua-
temala: Volcan Santa Maria.

Oneida marmorata Schaus

(Figs. 6, 15, 16)

Oneida marmorata Schaus, 1912: 659. Ho-
lotype male, Costa Rica, Poas, May, Type
No. 17653.

Description.— Male. Head: Vertex and

labial palpus red and brown. Scape and ex-

tension red and brown.

Thorax: Winglength 12-14 mm. Patagi-

um, tegula and thoracic scales red and
brown. Foreleg and midleg red; hindleg

brown.

Forewing: Basal area green and red. An-
temedial band red with some black scales

distally; area between antemedial and me-
dian line green; costal margin green. Reni-

form area red and brown. Postmedial band
from costa to M, black proximally and white

distally; red patch from R5-M2. Adterminal

and terminal lines black. Apical area red.

Underside beige; costal margin red.

Abdomen: Second segment gray and of

seventh segment beige.

Genitalia: Valva not extending beyond
uncus; length of uncus = 0.49 mm; width

of uncus at apex = 0.08 mm (n = 1).

Female. Head: Similar to male except that

extension from scape not present.

Thorax: Patagium white, tegula and tho-

racic scales red and brown.

Forewing: Similar to male.

Hindwing: Similar to male.

Abdomen: Similar to male.

Genitalia: Length of posterior apophysis
= 0.85 mm; length of signum shorter than

diameter (diameter = 0.046 mm; length =

0.038 mm) (n = 1).

Biology.—Unknown. Specimens have
been captured at elevations of 2350 and
3100 m.

Distribution.— This species has been col-

lected only from San Jose and Alajuela

Provinces in Costa Rica.

Material examined. — Holotype (as

above); Costa Rica: Cerro de la Muerte, 5-

7 VIII 1 98 1 , 3 1 00 m, Becker, one male; San

Jose Province, San Gerardo de Dota, Cerro

de la Muerte, 23 Aug. 1981, D. H. Janzen

and W. Hallwachs, two males and four fe-

males; Alajuela Province, Volcan Poas, 2350

m, 1 2 July 1 982, D. H. Janzen and W. Hall-

wachs, one male.

Oneida grisiella Solis, New Species

(Figs. 3, 17, 18)

Oneida grisiella Solis, new species. Holo-

type male, Texas, Davis Mtns., JeffDavis

Co., 6700 feet, VII-5-1969, A. and M. E.

Blanchard (AMNH).

Diagnosis.—The species is defined by two

scale color characteristics: a black terminal

line and white scales on the underside of the

forewing posterior to R4.

Description.— Male. Head: Vertex and

labial palpus gray. Scape and extension

black.

Thorax: Patagium, tegula and thoracic

scales gray. Foreleg and midleg black; hind-

leg gray.

For^w/>2^.- Winglength 10-11 mm. Basal

area gray. Antemedial band gray with some
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Fig. 9. Male genitalia of O. lunulalis, MAS #247.

Fig. 10. Female genitalia of O. lunulalis, MAS #250.

black scales; area between antemedial and

median lines red; raised scales in this area

with white scales medially and black scales

on each side. Costal margin gray. Reniform

area gray. Postmedial band from costa to

M, with black scales proximally and white

scales distally; black patch from Rj-M,. Ad-

terminal and terminal lines black. Apical
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Fig. 1 1. Male genitalia of O. luniferella, MAS #245.

Fig. 12. Female genitalia of O. luniferella, MAS #256.

area black. Underside beige; costal margin

white.

Hindwing: Beige; costal margin light

brown.

Abdomen: Second segment gray and sev-

enth segment beige.

Genitalia: Valva extends beyond uncus;

length of uncus = 0.37 mm; width of uncus

at apex = 0. 1 1 mm (n = 4).

Female. Same as male.

Genitalia: Length of posterior apophysis

= 0.77 mm; signum length longer than di-

ameter (diameter = 0.06 mm; length = 0.14

mm) (n = 2).
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Fig. 13.

Fig. 14.

Male genitalia of O. mejona, MAS #248.

Female genitalia of O. mejona, MAS #253.

Biology. —Unknown. Specimens have
been collected at elevations of 5000 to 6700
feet.

Distribution.—Endemic to west Texas.

Material examined. — Holotype (as

above); paratypes: one female and five males

(AMNH and USNM); Culberson Co., five

males and six females, Sierra Diablo Wild-

life Management Area, 6000 feet, VII-II,

1 97 1 , A. and M. E. Blanchard; Brewster Co.,

1 1 males, two females, Alpine, 5-7000 feet,

14-20. V. 1926, 15-20 Aug. 1926, 20-

30.V.1926, 25-31 July 1926, 5-10 Sept.

1926, 1-7.IV.1926, O. C. Poling (USNM);
Big Bend Co., one male, SW Texas, 15/30

1926, O. C. Poling (USNM).
Etymology.—The species name grisiella

refers to the overall gray appearance com-

posed ofblack and white scales that is unique

to the genus.
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W'M,

Fig. 15. Male genitalia of O. marmorata. MAS #621.

Fig. 16. Female genitalia of O. marmorata, MAS #622.

Dasyvesica Solis, New Genus
(Figs. 5, 19, 20, 22, 24)

Type species. Pococera nepomuca Schaus,

1925, Ann. Carnegie Mus. 16: 16.

patch of thick, deciduous setae on the sac-

culus, and the base ofthe juxta more heavily

sclerotized than the arms. Other homopla-

sious synapomorphies are: (1) a tubulate

second labial segment, as in Cacozelia, Tan-

Diagnosis.—This genus is defined by two coa Schaus, Pococera Zeller, Milgithea

autapomorphies in the male genitalia, a Schaus, Lacalma Janse, and two new un-
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17 ^

Fig. 17.

Fig. 18.

Male genitalia of O. grisiella, MAS #246.

Female genitalia of O. grisiella, MAS #252.

described genera, (2) the third maxillary

segment arising from the base of the second

segment, as in Pococera, Milgithea, Caco-

zelia, Toripalpus, Lacalma, Macalla Walk-
er, and (3) corauti present, as in Macalla.

Identification synopsis.—The genus can

be identified by the following forewing pat-

tern: postmedial line proximally concave

from M, to CuA, and then concave again

to CuAj to the posterior margin of the wing.

The reniform spot distally with darker scales.

The median line is present from M, to

1A+2A.
Description.— Male. Head: Scape longer

than base of pedicel; second labial segment

tubulate; third maxillary segment arising at

base of second segment.

Wing: Retinaculum a group of hooked

setae below Cu. Forewing CuP vein absent;

1A + 2A forked basally. Hindwing with Sc

and Rs coincident.

Male genitalia: Arms ofjuxta not reach-
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Fig. 19. Male genitalia of D. nepomuca, MAS #740.

Fig. 20. Female genitalia of D. nepomuca, MAS #616.
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Fig. 2 1
. Head of O. lunulalis, MAS #274.

Fig. 22. Head of Z). nepomuca, MAS #615
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23
Fig. 23. Wings of O. lunulalis, MAS #274.

ing costal process; median lobe of valva

short, round nub; tegumen "sclerite" reach-

ing a midventral position, tip less broad than

base; uncus base lacking U-shaped sclero-

tized structure; vesica with comuti.

Female genitalia: Lamella antevaginalis

without fold; two signa.

Included species.— D. nepomuca (Schaus,

1925, Pococera) NEW COMBINATION,
D. lophotalis {Hampson, 1906, Jocara)NEW
COMBINATION, D. crinitalis (Schaus,

1922, Jocara\ NEW COMBINATION.
Distribution.— Venezuela and Bolivia to

Quintana Roo in Mexico and to Jamaica in

the Caribbean.

Biology.— Unknown.
Remarks.—The three described species

in Dasyvesica were placed in Jocara and Po-

cocera. At least two undescribed, South

American species are in the USNM. Species

are distinguished by wing color and pattern,

area on the sacculus that is covered by setae,

and length of the extension of the scape.

Etymology.—The generic name is de-

rived from the Greek dasys meaning "thick

with hair" and the Latin vesica (feminine)
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Fig. 24. Wings of D. nepomuca, MAS #615.
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meaning "bladder" in reference to the cor-

nuti on the vesica.
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THE IDENTITY OF ARCTIA OBLITERATA STRETCH
(LEPIDOPTERA: ARCTIIDAE)
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Abstract. —The type specimen ofArctia obliterata Stretch, 1885, was long misidentified

as a form of Grammia ornata (Packard), and the name considered a junior synonym of

ornata. Recent examination of the type shows that obliterata refers to the same species

as Grammia turbans (Chrisloph, 1892), described from Siberia but known also from

western North America. The name turbans Christoph must therefore be regarded as a

junior subjective synonym o{ obliterata Stretch. No differences were found to distinguish

Siberian from North American specimens of obliterata, and the origin of the type could

not be determined.

Key Words: Grammia, holarctic distribution, taxonomy

Arctia obliterata Stretch was described

from "1 (5 in only fair condition, sent me
many years ago by W. H. Edwards." (Stretch

1885: 105) (Fig. 1). The type locality was

not known, and Stretch did not illustrate

the specimen until 1906 (pi. 6, fig. 14) and

then only after Hampson (1901: pi. 48, fig.

9) had done so. Neither illustration was ac-

curate enough for the species to be recog-

nized. Most later authors guessed that ob-

literata was Californian and relegated the

name to infrasubspecific status under Apan-

tesis ornata (Packard). My use of the generic

name Grammia Rambur was explained in

an earlier paper (Ferguson 1985: 229), in

which most of the species previously placed

in Apantesis Walker were transferred to

Grammia.
Fortunately, obliterata is one of the few

Stretch types to have survived and is in the

collection of the California Academy of Sci-

ences, San Francisco. It bears a label saying

"Arctia obliterata Stretch" and a crude piece

of red-bordered paper (Fig. 2) to indicate

that it is a type. Also pinned to the specimen

is a note by F. H. Benjamin explaining that

he considered it to be the true type, and an

Allan Watson genitalia slide label, but no

suggestion of synonymy. Having recently

studied many species of this group, I at once

recognized the holotype of obliterata as the

same species as Arctia turbans Christoph,

1892, the holarctic species long known as

Apantesis turbans and more recently as

Grammia turbans. Since no other author

made this connection, I feel obliged to jus-

tify the identification in some detail because

obliterata remained misidentified for 100

years, and its publication preceded that of

turbans by seven years, thus requiring re-

placement of a long-established name for a

species that occurs on two continents. Arctia

turbans Christoph, 1892, thus becomes a

junior subjective synonym oi Grammia ob-

literata (Stretch, 1885), NEW SYNONY-
MY.
The type material of G. turbans is in the

National Collection of the USSR at St. Pe-



VOLUME 93, NUMBER 4 829

ti^r\%M.

Figs. 1-10. Grammia obliterata. 1, Holotype; 2, original labels on holotype; 3, 6, Irkutsk [Siberia], 16 July

1926, R. Gschwandner (in British Museum Nat. Hist.); 4, 9, "Munko Sardyk, Sajan mont., 24 Jul." M. E. Smith

genitalia slide 2000; 5, <?, Nordegg, Alberta, 27 July 1921, J. McDunnough; 6, 3, same data; 7, <?, same data but

collected 20 July; 8, $, same data but collected 27 July; 9, 6, same data; 10, <5, Glacier National Park, Montana,

"Aug. 1-7."

tersburg, and I have not seen it. However,

many topotypical specimens were collected

in the early 1900's, when Central Asia was

relatively accessible to European collectors,

and I have examined three of these in the

U.S. National Museum and one from The
Natural History Museum, London. The
species was illustrated several times in pa-

learctic literature, is easily recognized, and

indeed is so distinct that an early reviser

proposed a new subgeneric name for it

(Smith 1938: 6). It is one of only two species

of this predominantly nearctic genus known
to occur in the Palearctic Region, and both

also occur in northern North America. The
other is Grammia quenseli Paykull.

Grammia turbans has a unique pattern in

which the cubital and postcubital stripes of

the forewing (sensu Ferguson 1 985: 188, figs.

6, 7) tend to be about equally developed;

the three main transverse bands are always

incomplete and appear only costad of the

cubitus, with the segments between veins Sc

and Rs usually offset, inclined basad, or ob-

solete; the thin lines on veins Cuj and 2nd

A nearly always terminate well before

reaching their usual juncture with the zigzag

subterminal band; and the black spots of

the hindwing are regularly and consistently

clustered toward the outer margin in a char-

acteristic, evenly spaced manner. The type

of obliterata conforms to these criteria and

also agrees with turbans in size, wing shape,

underside pattern, and structure of append-

ages, insofar as may be seen.

Stretch (1885: 105) appears to have ap-

preciated the unusual nature of the pattern

at least partly when he wrote: "The oma-



830 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

mentation of the primaries places it in the

Quenselii, gelida group, characterized by the

presence of only the costal half of the ter-

minal band" (by which he evidently meant
the postmedial band). Perhaps because of

the badly rubbed condition of the type,

however, he either failed to see or did not

emphasize in his drawing (Stretch 1906: pi.

6, fig. 14) the heavily outUned cubital stem

(unlike that of ornata), the fading out of the

pale vein lines on Cu^ and 2nd A, and the

closely set nature of the black spots on the

hindwing. All of these turbans characters

may be seen in the type of obliterata, al-

though not necessarily clearly. Stretch re-

constructed the longitudinal vein lines as he

thought they should be, based on his fa-

miliarity with other species. Although the

transverse bands are accurately shown and

agree with the pattern of turbans, neither

Stretch's published drawing nor Hampson's
give the appearance of turbans; that of Seitz

(1919: pi. 38k) is an even poorer likeness.

It is easy to see how later lepidopterists were

misled. However, Stretch's brief descrip-

tion, including his reference to the hind-

wings being "dull red with black spots,"

agrees with the type specimen. I have no

doubt that this is the holotype, and that it

is the same species as turbans. The figure

given by Hampson (1901: pi. 48, fig. 9),

copied from Stretch's then unpublished

drawing, is inaccurately colored. The red

color of the hindwing is exaggerated and

should have been more yellowish, about like

that of ''Apantesis michabo," as shown in

fig. 1 8 on the same plate. The figure in Seitz

(copied from Hampson) shows the red hind-

wing even more intensified and bears little

resemblance to the specimen that it is sup-

posed to depict.

The type of obliterata seems uncharac-

teristic of turbans in three minor respects,

and I had imagined that these differences

might provide clues as to its geographic or-

igin. The hindwings are indeed pale reddish

or orange rather than the usual lemon yel-

low. However, of 48 other specimens ex-

amined, three from Nordegg, Alberta (Figs.

7, 9) and one from Langham, Saskatchewan

(Ferguson 1985: fig. 52) have the hindwing

pale orange red, about the same shade as

those of obliterata. Hampson (1901: 402),

who may not have seen specimens, did de-

scribe the hindwing color of turbans from

Mongolia as orange yellow, but four Sibe-

rian specimens available to me, labelled Ir-

kutsk (Fig. 3) and Munko Sardyk, Sayan

Mountains (Fig. 4), have the usual lemon

yellow hindwings and cannot be seen to dif-

fer from yellow American specimens in any

way. Variation between red and yellow may
be found in the hindwing coloring of nearly

all species of Grammia and Apantesis, and

obliterata is no exception.

The type of obliterata has two or three

indistinct dark spots just basad of the mid-

dle of the hindwing that may have contrib-

uted to the confusion, as they are missing

in most turbans. Again, however, two Al-

berta specimens in the U.S. National Mu-
seum collection do have such spots (Figs.

5,6).

The genitalia ofthe type ofobliterata (Figs.

11, 12), dissected and slide mounted by Al-

lan Watson (his slide No. 1293), appear to

match those of other specimens of turbans

except for one inconsistency. Grammia tur-

bans normally has a variable, obtusely

pointed or rounded, subapical protuberance

or "shoulder" on the outer margin of the

valve (Figs. 13, 15) that is not readily ap-

parent in the holotype of obliterata. This

feature was not found to vary significantly

in the five other males examined, of which

three were American and two were Siberian.

However, the valve appears to vary greatly

in shape ifviewed from different angles. The

genitalia of the holotype of obliterata were

over-macerated, somewhat misshapen, and

mounted with the valves not fully spread

apart, so that the blunt, ffattened apex of

each valve is viewed edgewise from an as-

pect that makes it appear pointed. Thus, to

achieve a perspective comparable to that of

Figs. 1 3 and 1 5, one must imagine the distal
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Figs. 11, 12. Grammia obliterata S, genitalia of holotype, Allan Watson genitalia slide No. 1293. 1 1, Main

part of genitalia; 12, aedeagus.

end of each valve rotated until it lies flat.

Also, intraspecific variation in genital com-
ponents of other arctiids is often so great

that variation of such features in one of six

dissections, even if real, need not be sur-

prising. No significant differences could be

seen in the female genitalia (two American,

one Siberian). I concluded that there is no
reliable way to distinguish North American
from Siberian specimens ofthis species, even

subspecifically.

None of this information points to the

origin ofthe type oi obliterata. It could have

come from somewhere in northwestern

North America, but probably not Califor-

nia, where the presence of the species is not

impossible but remains unrecorded. It is

known from Cameron Bay, on Great Bear

Lake, and Fort Smith, Northwest Territo-

ries (Canadian National Collection), and

from southern Manitoba, Saskatchewan,

Alberta, Montana, and Idaho, where it has

been collected at light in foothills or high

plains habitats, flying 20 July-6 September.

Colorado records are few, but I saw one

labeled Dinosaur, Moffat Co., Colorado,

Aug. 1972, S. ElUs; and I was advised of

another from the Engel collection in the

Carnegie Museum, Pittsburgh, Pennsylva-

nia, labeled only "Colorado" (J. E. Rawlins

in litt.). Specimens were collected on the

Green River, Daggett Co., 23 Aug. 1987, 1

Sept. 1990, by R. C. Mower. Although the

range of G. obliterata extends to the sub-

arctic, it is not known from alpine habitats

in North America. The known palearctic

distribution includes the Sayan Mountains,

Kentai Mountain, and other places in the

general region of the Siberian-Mongolian

border (type locality of turbans: "Tunga-
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Figs. 13-16. Grammia obliterata, $ genitalia. 13, Specimen from Calgary, Alberta, USNM genitalia slide

No. 57,414; 14, same, aedeagus; 15, same specimen from Irkutsk [Siberia, USSR] shown in Fig. 3, DCF slide

1,581 (British Museum); 16, same, aedeagus. All photographs by the author.

Alpen, siidwestlich von Irkutsk"). This ex-

traordinary disjunction would seem to

match that of Holoarctia cervini (Fallou)

(Ferguson 1985: 208), of which, in the same
way, nearctic and palearctic specimens seem

indistinguishable.
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EFFECTS OF LARVAL CASE SIZE AND HOST PLANT SPECIES
ON CASE INTERNAL TEMPERATURE IN THE BAGWORM,
THYRIDOPTERYX EPHEMERAEFORMIS (HAWORTH)

(LEPIDOPTERA: PSYCHIDAE)
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(MPS) Marine Systems Laboratory, Smithsonian Institution, Washington, D.C. 20560;

(EMB) Department of Biology, Georgetown University, Washington, D.C. 20057.

Abstract. —We examined the internal temperatures ofcases ofbagworms, Thyridopteryx

ephemeraeformis, that fed on and made cases from Juniperus chinensis pfitzeriana, J.

virginiana, and Robinia pseudoacacia. Case size and host-plant species affected case in-

ternal temperatures during heating under laboratory conditions. Case size affected case

internal temperature of bagworms from R. pseudoacacia that were heated by the sun

outdoors.

Key Words: Psychidae, Thyridopteryx ephemeraeformis, thermobiology, Juniperus, Ro-

binia

Caterpillars can become warmer than

ambient temperature by different means in-

cluding basking (Rawlins and Lederhouse

1981) and residing within feeding tunnels,

tents, and larval cases (Barbosa et al. 1983).

Because caterpillars are poikilothermic, this

heating can increase their activity and de-

velopmental rates (Scriber and Lederhouse

1983). Further, an insect's increased devel-

opmental rate can increase its fecundity (Le-

wontin 1965, Hagstrum & Hagstrum 1970)

and decrease the time it is exposed to ene-

mies.

Our study examines possible effects ofcase

size and host-plant species on case internal

temperature ofthe bagworm, Thyridopteryx

ephemeraeformis (Haworth). Barbosa et al.

(1983), who previously investigated some
of these factors, reported that case internal

temperature is significantly warmer than ex-

ternal ambient temperature in the field; case

surface temperature is not different from case

internal temperature; host-plant species ev-

idently does not influence case internal tem-

perature, case surface temperatures, and

ambient temperature near cases; and a lar-

va's presence evidently does not change its

case internal temperature.

The bagworm is a polyphagous herbivore

which usually feeds on woody plants and

occurs from the West Indies north to Ver-

mont, Michigan, and Minnesota and west

to Kansas and Texas, being most common
in southeastern United States (Davis 1964,

Longfellow 1980). Because LaGoy and Bar-

rows (1989) recently summarized bagworm
biology, we describe its biology only very

briefly here. Soon after hatching, first instars

construct conical cases of silk and plant ma-
terials around themselves. A larva on a suit-

able host enlarges its case as it grows before

it pupates inside its case in late summer.

Pupae transform into adults in 2 to 3 weeks.

Besides increasing a larva's temperature, a
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Table 1 . Experiment 1 , data summary.''
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Table 2. Experiment 1, results of separate analyses

of variance of possible effects of host-plant species and

case size on case internal temperature.

Source of
variation
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Table 4. Experiment 2, case lengths and internal temperatures ofbagworm cases from Robinia pseudoacacia,

data summary.^
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LIFE HISTORY OF STOLAS (ANACASSIS) FUSCATA (KLUG)
(COLEOPTERA: CHRYSOMELIDAE) ON SEEPWILLOW,
BACCHARIS SALICIFOLIA (R.i&P.) PERS. (ASTERACEAE)
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(PEB) Grassland, Soil and Water Research Laboratory, USDA, Agricultural Research

Service, 808 E. Blackland Road, Temple, Texas 76502; (HAC, DO) Biological Control
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Abstract. —The leaf-feeding chrysomelid Stolas {Anacassis)fuscata (Klug) is a dominant
herbivore of the woody shrub seepwillow, Baccharis salicifolia in central and northern

Argentina. In Buenos Aires Province, it also occurs on Baccharis punctulata DC. The life

history of this leaf-feeder was studied in the field in Argentina and in the laboratory in

the United States. In central Argentina, there were three generations per year. Eggs were

deposited in clusters about 1.2 m above the ground on the uppersides of leaves. There

were 8 to 55 eggs per cluster of which 90% hatched in seven days. Eggs were held together

with a viscous-like secretion that dries on exposure to air. In the laboratory, development

from egg to adult eclosion took 36 to 46 days. Five larval instars developed in 27 days

and consumed 79.6 cm- of leaf material. Pupation occurred on the plant and adults

emerged in 6.6 days. Females laid an average of 1614 eggs, lived an average of 27 weeks,

and consumed 22 1 cm^ of leaf. The eulophid Emersonella saturata De Santis (or near)

was reared from eggs of S. fuscata and the tachinid Eucelatoriopsis parkeri Sabrosky was
reared from larvae, pupae, and adults.

Key Words: Insecta, Coleoptera, Chrysomelidae, Stolas {Anacassis) fuscata, Asteraceae,

Baccharis, seepwillow, biological control, life-history

Seepwillow, Baccharis salicifolia (R.&P.) ris (Boldt 1989a). Stolas fuscata (Klug) oc-

Pers. {glutinosa Pers.) (Asteraceae: Bac- curs in Argentina, Brazil, Paraguay (Black-

charidinae), is an undesirable, perennial, welder 1 946), and Uruguay (Silveira-Guido

woody shrub that has little or no value to and Ruffinelli 1956). Adults are distin-

agriculture. It commonly grows along guished by Boheman (1850) as pale yellow

streams and canals, restricts water flow, and in color, with the presence of two longitu-

causes sediment deposition (Gatewood et dinal brown stripes on the punctate elytra

al. 1950, Brady et al. 1985, Boldt 1989a). and a brown spot on the prothorax; four

This shrub is distributed from the south- color variations are mentioned. The body
western United States to northern Mexico is oval and 9 to 10.5 mm long. A taxonomic

and from Colombia to Argentina (Cuatre- description of the five larval stages, mea-

casas 1968, Nesom 1988). surements of eggs and larvae, and notes on

Nine leaf-feeding beetles ofthe genus Sto- the life history of S. fuscata in Brazil are

las Bilberg (Anacassis Spaeth) occur in South given by Buzzi ( 1975).

America and generally feed on plants of the Five species of Stolas were evaluated by

subtribe Baccharidinae, primarily Baccha- McFadyen (1979, 1987) as potential bio-
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Fig. 1. Distribution oi Stolasfuscata in Argentina.

logical control agents of Baccharis halimi-

folia L. in Australia. Larvae and adults of

S.fuscata feed on seepwillow and Baccharis

pingraea (A. P.) DC. in Argentina but feed

on Baccharidastrum triplinerve (Lessing)

(Asteraceae) and occasionally on Baccharis

gaudichaudiana DC. in Brazil. This leaf-

feeder was found to be host specific and was

introduced into Australia, near Brisbane, as

a potential biological control agent. After

three years, however, the population had

not established and apparently died out

(McFadyen 1987).

We collected and studied this leaf feeder

as part of an evaluation of phytophagous

insects in South America for the control of

weedy baccharis shrubs in the United States.

The cerambycid Megacyllene mellyi (Chev-

rolat) from Argentina and Brazil was tested

for host specificity on B. halimifolia but re-

jected because it feeds on an important

landscape shrub Baccharis pilularis DC.
(Boldt 1987). Stolas fuscata is host specific

to seepwillow and could be released in the

United States as a biological control agent

(Boldt 1989b). In this report, we discuss the

biology of S. fuscata in Argentina and lab-

oratory studies that were conducted in Ar-

gentina and the United States.

Materials and Methods

Field observations.—The geographic dis-

tribution ofS.fuscata in South America was

determined from field collections, labeled

specimens in museums in Argentina, and

literature records. Observations of the life-

cycle were made on seepwillow near Realico

(La Pampa Province) and Buenos Aires

(Buenos Aires Province), Argentina, from

1986 to 1987. Egg clusters werre sampled

at Arroyito (Neuquen Province) and Real-

ico in October, 1986, and at Medanos
(Buenos Aires Province), Realico, and Rio

Cuarto (Cordoba Province) in January 1990.

At each site, egg clusters were selected with-

out bias and number of eggs, larval emer-

gence, and egg parasitism was recorded. In

1 990, the height above ground and location

on the leaf was also measured for each egg

cluster. Location on the leafwas determined

by visually dividing the leaf into four sec-

tions with three lines perpendicular to the

midvein and recording the quadrant in

which it occurred.

Laboratory studies.— Adults were col-

lected and studied at the Biological Control

of Weeds Laboratory, Hurlingham (Buenos

Aires Province), Argentina from 1986 to

1988. Other adults were air-freighted to

quarantine at Temple, Texas, for host range

tests and biology studies. The laboratory at

Temple was maintained at a temperature of

22 to 26°C, relative humidity of 40 to 60%,

and photoperiod of 1 2 h light and 1 2 h dark.

A laboratory colony was maintained on ex-

cised leaves of potted seepwillow or leaves
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periodically collected in the field near La-

redo, Texas.

The number of larval instars was deter-

mined by collecting 0- to 24-h-old larvae as

they emerged from eggs in the laboratory

and rearing them through successive in-

stars. About 25 larvae in each instar were

preserved in 70% ethanol. Headcapsule

widths were measured with a calibrated oc-

ular micrometer on a stereomicroscope.

Oviposition characteristics were recorded

from observations of pairs of 5- to 7-d-old

copulating adults held in separate petri dish-

es (dia. = 1 1 cm) with freshly excised leaves

of seepwillow. The leaves were replaced 3

times weekly. Leaf consumption was deter-

mined by placing a 1-mm- plastic grid over

the leaves and counting the consumed
squares or with before and after estimates

of area with a Li-Cor Model Li 3000 leaf

area meter (Li-Cor, Lincoln, Nebraska).

Laboratory bench tops, shelves, and equip-

ment were cleaned with a 10% Chlorox so-

lution before and after feeding to reduce

possible microbial contamination. Insect

voucher specimens were deposited in the

U.S. National Museum of Natural History,

Washington, D.C.

Results and Discussion

Field observations.— In Argentina, the

leaf-feeding S. fuscata was commonly pres-

ent on seepwillow from the high altitude

desert of northern Argentina, near Volcan

(Jujuy Province) to the arid areas ofChubut
Province in the south (Fig. 1). Beetle den-

sities were highest in the arid or semiarid

west-central provinces of Mendoza, Neu-
quen, and La Pampa. A few larvae and adults

were collected on Baccharis punctulata DC.
in Buenos Aires and Santa Fe Provinces

where seepwillow is rare. Despite extensive

searching, no individuals were found on B.

pingraea, as reported for Argentina by

McFadyen(1987).

We observed three generations of S. fus-

cata per year in central Argentina (Fig. 2)

although only two generations occur in

Fig. 2. Generalized life cycle of Stolas fuscata in

central Argentina.

southern Brazil (Buzzi 1975). In Argentina,

eggs of the first generation were laid in Sep-

tember and October by adults that survived

the winter. Second generation eggs were laid

in January and third generation eggs were

laid in February and March. Adults of the

third generation emerged in late April and

May, fed briefly, and overwintered in the

soil or plant debris from June to late Sep-

tember. Reappearance in the spring corre-

sponded with the production of new leaves

on seepwillow. Larvae from all generations

overlapped and were continuously present

in the field from late September to March.

Teneral adults and some mature adults were

pale yellow in color whereas most of the

mature adults, especially those that over-

wintered, were dark yellow and often had

two brown longitudinal stripes on the elytra

and a brown spot on the prothorax. Legs

and antennae were black. These light col-

ored adults may have been misidentified as

a different species, Stolas (Physonota) uni-

color (Burmeister 1870), or subspecies, S.

fuscata unicolor (Burmeister 1870) (Mc-

Fayden 1987).

In October 1986, 76 first-generation egg

clusters collected at Arroyito contained 19.7

±5.4 (mean ± standard deviation) (range

= 8-37) eggs per cluster of which 88.0 ±
2 1.3% hatched. Ten percent ofthe eggs were

parasitized. Eight egg clusters at Realico

contained 36.9 ± 1 1.9 (24-5 5) eggs per clus-

ter of which 94.3 ± 13.1% hatched. In Jan-

uary 1990, a collection of 45 egg clusters
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HEAD CAPSULE WIDTHS

Fig. 3. Frequency distribution of head capsule

widths (mm) of larvae of Stolasfuscata indicating lar-

val instars.

contained 12.4 ± 4.4 eggs per cluster (range

= 5-22). Ninety-six percent ofthese clusters

were laid on the upper leaf surface. When
the leaves were divided into four sections,

15.5, 53.3, 26.7, and 4.4 percent of the 55

clusters were present in the first, second,

third, and fourth quadrants from the tip of

the leaf, respectively. Despite the presence

of apparently suitable leaves in all parts of

the shrub, females laid most clusters of eggs

in the top half, at a mean height of 1.2 ±
0.4 m (range = 0.5-2.2) above the ground.

The highest egg clusters were usually found

on the tallest plants.

First- to fourth-instar larvae fed in groups,

usually on the upperleaf surface. Group size

decreased as the larvae matured and fifth-

instar larvae usually fed alone. First-instar

larvae fed only on the surface layer of leaf

tissue but fourth- and fifth-instar larvae

consumed the entire leaf Pupation most

commonly occurred on the lower side of the

leaf

Laboratory studies.— E'^^.- Newly depos-

ited eggs were oblong to elliptical, tapered

on both ends, and yellow to tan in color;

the chorion was hard and punctate. The eggs

measured 1.75 ± 0.07 mm long x 0.78 ±
0.04 mm wide (n = 35). There were 17.1 ±
3.9 (n = 11) eggs per cluster but cluster size

was highly variable (range = 3-25). Clusters

and individual eggs were found on both sides

of leaves and on the sides ofthe plastic cage.

A clear, viscous fluid covered the surface of

each new egg when laid and formed a 1 mm
long stalk that held the egg above the surface

of the leaf This fluid quickly dried when
exposed to the air. It lightly glued eggs in a

cluster together and to their substrate. Egg

hatch was 95.9 ± 0.1% (n = 9686) with a

decrease in hatch occurring near the end of

the females' lives. The incubation period

was 7 ± 0.2 days (range = 6.5-7.5) (n =

1 83). All eggs ofthe same egg cluster usually

hatched within a few hours.

Larvae: Observations of larval develop-

ment and the frequency of distribution of

head capsule measurements indicated five

larval instars. The mean and standard de-

viation of widths were: 0.48 ± 0.02, 0.69

± 0.03, 0.92 ± 0.05, 1.25 ± 0.09, and 1.53

± 0.8 mm (n = 25 larva per instar) for the

first- to fifth-instar, respectively (Fig. 3). Egg

and larval measurements were similar to

those reported by Buzzi (1975).

Neonate larvae emerged head first from

a circular hole chewed in the chorion at the

tip of the egg. As also observed in the field,

young larvae fed gregariously, with those of

a similar size usually clustered together.

First-instar larvae fed only on one surface

of the leaf leaving the other intact while

fourth- and fifth-instar larvae consumed
both sides, often creating a hole in the leaf

where they fed. Individual larvae consumed
1.8 ± 0.4, 3.1 ± 0.6, 5.6 ± 1.9, 14.8 ± 5.4,

and 54.3 ± 15.8 cm^ of seepwillow leaf area

(n = 18) in the first through fifth stages,

respectively. Total leaf consumption was

79.6 ± 17.9 cm^ per larva of which 68.2%
occurred in the fifth instar. Each instar fed

for 5.7 ± 1.8, 6.8 ± 1.7, 3.7 ± 0.6, 3.7 ±
0.6 and 7.2 ± 0.7 days, respectively, for a

total of 27 ± 2.1 days. Like other members
of the Cassidinae, larvae of S. fuscata car-

ried exuviae and feces dorsally on the anal

fork.

Pupae: The newly formed pupae were ini-

tially yellow in color but darkened with age.

Pupae were attached to the leaf at the apex

of the abdomen and often flexed their bod-

ies when disturbed. Female pupae weighed
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6.2 ± 1.3 mg (n = 9) and male pupae weighed

4.5 ± 0.1 mg (n = 9). Pupae were held for

6.6 ± 0.7 days (n = 17) before emergence

as adults. If the minimum and maximum
times for each stage from egg to pupae are

summed, development to adult should take

36.5 to 46 days.

Adults: Locomotory movement of the

adults was slow. Females mated several

times during their lives; the first mating oc-

curred 3-5 days after emergence and others

occurred at irregular intervals. Oviposition

began about 1 week after initial mating and

continued up to 26 weeks (Fig. 4). The mean
fecundity for 6 females was 1614 ± 444

(range = 1 152-2247) eggs per female; 50%
ofthe eggs were laid within the first 1 3 weeks.

This is higher than the 325 eggs per female

reported by Boldt (1989b) but may be due

to the use of seepwillow leaves from field

plants rather than potted ones. Females lived

146 ± 32 days after emergence and con-

sumed 296.9 ± 103.3 cm- ofleafwhile males

lived 128 ± 33 days after emergence and

consumed 221.6 ± 51.9 cm- ofleaf (n = 6).

Mortality factors. — In Argentina, we
commonly reared the tachinid Eucelatoria

parkeri Sabrosky from field-collected lar-

vae, pupae, and adults ofS.fuscata through-

out the summer. This parasitoid also was

recorded from fifth instar field-collected lar-

vae in southern Brazil and Uruguay by

Buzzi (1975). We reared an eulophid, Emer-
sonella {Testudicida) saturata De Santis (or

near), from eggs. This parasitoid was pre-

viously recorded only from Stolas prolixa

(Boheman) (De Santis 1983). McFadyen
(1979) reared the eulophid Emersonella niv-

eipes Girault {nigricoxae De Santis) from

eggs and found mites (Canestriniidae) on

the ventral surface of adults of S. fuscata.

Near Buenos Aires, we observed the pen-

tatomid Stiretrus decastigmata Herr. Schaf

,

and the ant, probably Solenopsis richteri

Forel, feeding on small and medium-sized

larvae of S. fuscata. Ant predation also oc-

curred in eastern Argentina.

The life history ofStolasfuscata indicates

Fig. 4. Mean weekly oviposition of females oi Sto-

las fuscata from first mating.

that it is a good candidate for the biological

control of seepwillow because it is multi-

voltine, feeds on seepwillow or B. pingreae,

a shrub that does not occur in the United

States, and is capable of consuming large

amounts of leaves. Females are long lived

and may lay over 1600 eggs. Both adults

and larvae are monophagous on seepwillow

(McFadyen 1987, Boldt 1989b). The release

of this leaf-feeder in the United States could

result in a reduction of seepwillow density

without its elimination.
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Abstract. —Six species of predaceous Coccinellidae are being released for biological

control of the Russian wheat aphid, Diuraphis noxia (Mordvilko), in North America. The
following 3 species are now established: Hippodamia (Adonia) variegata (Goeze), Propylea

quatuordecimpunctata (L.), and Coccinella septempunctata L. Hippodamia (Semiadalia)

undecimnotata (Schneider), Oenopia conglobata (L.), and Scymnus frontalis (F.) are not

known to be established. Two additional species of predaceous Coccinellidae are recent

adventive additions to the North American fauna, Harmonia axyridis (Pallas) in Loui-

siana, Mississippi, and Georgia, and Harmonia quadripunctata (Pontopiddian) in New
Jersey and New York. The key to North American genera of Coccinellini is revised.

Key Words: predaceous Coccinellidae, introduced species, Russian wheat aphid, bio-

logical control, key to genera of Coccinellini

Discovery of the introduced Russian

wheat aphid, Diuraphis noxia (Mordvilko),

in the western United States prompted re-

search on predators and parasites of that

species by Federal and state biological con-

trol laboratories. This research has resulted

in the introduction, propagation, and re-

lease of several Old World species of Coc-

cinellidae. The USDA Animal and Plant

Health Inspection Service (APHIS) is the

organization mainly responsible for rearing

and releasing foreign Coccinellidae for bi-

ological control of the Russian wheat aphid

through the APHIS National Biological

Control Laboratory, Niles, Michigan. Per-

sonnel involved with such releases need to

identify the introduced species and distin-

guish them from native species; hence, the

preparation of this "field guide."

Six species of Coccinellidae have thus far

been propagated and released specifically for

control ofthe Russian wheat aphid. Ofthese.

Hippodamia {Adonia) variegata (Goeze),

Propylea quatuordecimpunctata (L.), and

Coccinella septempunctata L. are estab-

lished. Hippodamia {Semiadalia) undecim-

notata (Schneider), Oenopia conglobata (L.)

and Scymnus frontalis (F.) are not known
to be established.

In addition, two adventive species, Har-

monia quadripunctata (Pontopiddian) and

Harmonia axyridis (Pallas), have become
established in the United States (Vanden-

berg 1990, J. Chapin and Brou 1991, C. L.

Smith 1991, pers. comm.). Although it is

unlikely either ofthese species will be found

in association with Russian wheat aphid,

they are illustrated and briefly characterized

here.

Adults ofthe species discussed below usu-

ally can be distinguished from each other

and from native coccinellids by dorsal color

pattern alone. Nothing so general can be

said about the larval stages; therefore, the
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larvae of the introduced species are illus-

trated as a beginning step in the preparation

of an identification guide to larvae of all

species of Coccinellidae occurring in North

America, native and introduced. The ac-

companying larval diagnoses were made
from live specimens in order to be useful to

field personnel; the illustrations were pre-

pared from preserved specimens. Because

colors are lost and pigments fade in pre-

served specimens, the diagnoses differ to

some degree from the illustrations. A larval

key cannot be prepared now because the

larval stages ofmost native species have not

been described. Habitus illustrations and

"diagnoses" based on color pattern are pre-

sented in lieu of a key because personal ex-

perience suggests that most larvae of the

subfamily Coccinellinae can be identified by

dorsal color pattern.

Larvae bear various rounded or conical

fleshy protuberances armed with setae. For

our simple color pattern diagnoses, we have

abandoned complex morphological cate-

gories and refer to these structures collec-

tively as lobes. Each abdominal segment has

six lobes visible in dorsal view, three on
each side (dorsal, dorsolateral, lateral). The
pleural regions ofthe meso- and metathorax

are each equipped with a small anterior and
a larger posterior lobe. Each thoracic seg-

ment has a pair of dorsal plates or tergites.

The dorsal plates of the pronotum may be

laterally constricted or completely subdi-

vided by membranous areas. Morphologi-

cal details of the various species were treat-

ed by Savoiskaya (1983).

All of the Russian wheat aphid predators

except S. frontalis belong to the tribe Coc-

cinellini. Adults of the respective genera are

diagnosed in the following key. Scymnus
frontalis belongs to the Scymninae and is

treated separately.

Gordon's (1985) key to genera of Cocci-

nellini includes the genus Harmonia Mul-
sant; however, H. axyridis and H. quadri-

punctata will not key out because couplet 9

was constructed to distinguish H. dimidiata,

the only species of Harmonia then known
to occur in North America. Further, Gor-

don's original key does not work for Neo-

harmonia Crotch, because the lack of tibial

spurs was overlooked during construction

of the key. Chapin and Brou (1991) pro-

duced a modified key that corrected these

shortcomings; we have incorporated her

changes along with further modifications to

accommodate newly imported species and

improve keyability. The figure numbers in

the key refer to illustrations in Gordon

(1985).

Revised Key to the Native and
Introduced Genera of Coccinellini

OF North America

1. Tarsal claw not toothed or cleft, simply

widened basally (Fig. 567a) 2

Tarsal claw toothed or apically cleft (Figs.

587i, 614c) 5

2(1). Pronotal base with fine, entire marginal

bead 3

Pronotal base not margined 4

3(2). Metastemum with postcoxal line; elytron

with large black spots (Fig. 570g)

Naemia Mulsant

Metastemum without postcoxal line; ely-

tron vittate (Fig. 567g) . . Paranaemia Casey

4(2). Apex of middle and hind tibia each with

2 spurs; elytron vittate (Fig. 5650; epi-

pleuron sloping downward internally. .

.

Macronaemia Casey

- Apex of middle and hind tibia each with

single spur; elytron spotted or very irreg-

ularly vittate (Fig. 560f); epipleuron hor-

izontal Anisosticta Dejean

5(1). Each tarsal claw cleft near apical 1 /3 (Fig.

587i); form slender, legs distinctly visible

beyond body in dorsal view

Hippodamia Dejean

Each tarsal claw with subquadrate basal

tooth (Fig. 614c); or if tooth median then

form rounded, legs barely visible beyond

body in dorsal view (genus Myzia) 6

6(5). Apex of middle and hind tibia without

spurs 7

Apex ofmiddle and hind tibia with 2 spurs

(Fig. 626a) 10

7(6). Postcoxal line on 1st abdominal sternum

recurved toward base of sternum, of Pul

lus type (Fig. 679a) Aphidecta Mulsant

Postcoxal line on 1st abdominal sternum

not recurved, of Diomus or Nephus type.
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8(7).

9(7).

10(6).

11(10).

12(10).

13(12).

14(13).

15(14).

16(15).

but with oblique dividing line sometimes

present (Figs. 674, 677, 682) 8

Postcoxal line on 1 st abdominal sternum

without oblique dividing line (Fig. 682a)

Mulsantina Weise

Postcoxal line on 1st abdominal sternum

with oblique dividing line 9

Lateral margin of elytron transparent,

without marginal bead; prostemal carinae

ending at anterior coxal margin

Neoharmonia Crotch

Lateral margin ofelytron not transparent,

with more or less distinct marginal bead;

prostemal carinae extending anterior to

front coxal margin or absent; Old World

genus with 3 species established in North

America Harmonia Mulsant

Pronotal base with marginal bead 11

Pronotal base without marginal bead . . 12

Metastemum, 1 st abdominal sternum with

distinct postcoxal line (Fig. 1)

Ceratomegilla Crotch

Metasternum, 1st abdominal sternum

without postcoxal line

Coleomegilla Timberlake

Prostemum strongly convex medially,

protuberant at apex (Fig. 614b); length

7.20 mm or greater Anatis Mulsant

Prostemum normally rounded, not pro-

tuberant at apex; length variable 13

Postcoxal line on 1 st abdominal stemum
complete, of Pullus type (Fig. 637a) . .

.

Adalia Mulsant

Postcoxal line on 1st abdominal stemum
incomplete, of Diomus or Nephus type

(Figs. 634b, 682a) 14

Hind margin of mesepimeron with me-

dian, triangular projection; elytron orangy

yellow with black sutural margin, 4 irreg-

ular black spots (C inaequalis only) (Fig.

672g); Oriental genus, one species (C in-

aequalis F.) possibly established in Flor-

ida, Hawaii, and Puerto Rico

Coelophora Mulsant

Hind margin of mesepimeron straight or

curved, without projection; elytron with

color pattem not as above; North Amer-

ican or Old World genera 15

Tarsal claw with median tooth (Fig. 626a);

elytron vittate or immaculate

Myzia Mulsant

Tarsal claw with subquadrate basal tooth

(Fig. 664b); elytron variable, never vittate

16

Pronotal surface polished, shiny, not alu-

taceous between punctures; anterior mar-

gin of mesostemum with deep, broad, tri-

angular emargination Calvia Mulsant

Pronotal surface alutaceous, often dull, not

polished; anterior margin of mesoster-

num truncate, with shallow emargination,

or with deep but narrow emargination . . 17

17(16). Pronotum black with large, subtrapezoi-

dal or triangular white spot on each an-

terolateral angle; hind pronotal angle much

more broadly rounded than anterior angle

Coccinella L.

- Pronotal color pattem not as described

above, or if so, then hind pronotal angle

not much more broadly rounded than an-

terior angle 18

18(17). Pronotum with pale spot on each side of

middle, spot entirely enclosed by black

area or spot connected to pale anterior

border Cycloneda Crotch

Pronotum not as described above 19

19(18). Second tarsal segment elongate, about

twice as long as wide, or hind pronotal

angle not much more broadly rounded

than anterior angle; Old World genus, one

species released but not known to be es-

tablished in North America

Oenopia Mulsant

Second tarsal segment short, triangular,

not more than 1.5 times as long as wide;

hind pronotal angle much more broadly

rounded than anterior angle 20

20(19). Distal antennal segment elongate, oval;

scutellum with base slightly longer than

side; maculation on elytron usually form-

ing yellow and black "checkerboard" pat-

tem; European genus, one species estab-

lished in North America . . Propylea Mulsant

Distal antennal segment short, robust, ob-

triangular; scutellum with side slightly

longer than base; elytron black with red

spot or pale with minute dark spots never

forming "checkerboard" pattem; native

North American species Olla Casey

Coccinella septempunctata L.

Figs, (adult) 1, 13a-d; (larva) 20

Adult diagnosis.— Length 6.5 mm or

more; head black with 2 well-separated pale

spots; pronotum with anterior margin black

at middle with ventral pale spot small, ex-

tending posteriorly '/3 as far as dorsal spot;

elytron with 3 black spots in addition to

scutellar spot; tarsal claw with large basal

tooth.

Diagnosis of 4th larval instar.— Body

mostly black or dark bluish gray; head yel-
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Figs. 1^. Habitus views. 1
.
Coccinella septempunctata. 2, 3. Propylea quatuordecimpunctata. 4. Hippoda

unaecimnotata.
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low except basal, lateral margins black; pro-

notum with apical margin narrowly yellow,

lateral margin broadly yellow; metapleuron

with posterior '/a of posterior lobe bright

orange; 1st and 4th abdominal segments

with dorsolateral, lateral patches, including

lobes, bright orange.

Current American distribution.— All of

the United States and southern Canada,

marginally established in California and

Nevada.

Comments.— Coccinella septempunctata,

or C-7 as it is commonly known, is a wide-

spread palearctic species that was inten-

tionally introduced and released in North

America several times from 1956 to 1971.

Those attempts were apparently unsuccess-

ful but an established population was dis-

covered in Bergen Co., New Jersey, in 1973.

This population is thought to have resulted

from an accidental introduction (Angalet

and Jacques 1 975). Since 1973, C-7 has been

colonized and released in every state and in

southern Canada, and it is now the most

commonly collected species of Coccinella

east of the Rocky Mountains. The advent

of the Russian wheat aphid caused an in-

crease in rearing and distribution efforts in

the western states that have resulted in at

least marginal establishment of C-7
throughout the west.

References.— Angalet and Jacques (1975);

Angalet et al. (1979); Tedders and Angalet

(1981); Hoebeke and Wheeler (1980); Gor-

don (1985); Schaefer et al. (1987); Schaefer

and Dysart (1988); Hodek (1973) (larva il-

lustrated in color).

Propylea quatuordecimpunctata (L.)

Figs, (adult) 2, 3, 14a-<i, 15d; (larva) 21

Adult diagnosis.— Length 3.50 to 5.20

mm; male head usually yellow except vertex

black, prostemal plate grayish white; female

head usually with black spot on clypeus,

prostemal plate black; pronotum yellow with

large, irregular, black area medially; elytron

yellow with variable black maculation, of-

ten with spots rectangular, forming "check-

erboard" pattern.

Diagnosis of 4th larval instar.— Body
mostly black or at least very dark brown;

head yellow with posterolateral margin

brown; pronotum pale yellow except dorsal

tergite dark brown; mesonotum, metano-
tum pale yellow between tergites; meso-
pleuron, metapleuron with anterior, poste-

rior lateral lobes pale yellow; 1 st abdominal

segment with dorsum between tergites, dor-

solateral, lateral lobes pale yellow; abdom-
inal segments 2, 3, 5-8 with narrow, median
dorsal area, lateral lobe pale yellow; 4th ab-

dominal segment with median area includ-

ing dorsal lobe, dorsolateral lobe, lateral lobe

pale yellow.

Current American distribution.— From
the vicinity of Montreal, Quebec, south

along the St. Lawrence River to northern

New York, Maine, and Vermont. One spec-

imen examined from Massachusetts.

Comments. — Propv/^a quatuordecim-

punctata, or P-Q, is another palearctic in-

tentionally released in North America sev-

eral times without successful establishment.

It is almost certainly an adventive species

in North America. Chantal (1972) was the

first to report on an established population

in Quebec, and Dysart (1988) presented new
locality records extending into the northern

United States. This species is being reared

and released for Russian wheat aphid con-

trol in the western United States and Can-

ada, but thus far there is no evidence ofnew
establishment. In addition to Canadian ma-
terial, P-Q has been brought in for culture

from France, Turkey, and several locations

in the USSR.
References. — Chantal (1972); Gordon

(1985); Dysart (1988); Hodek (1973) (larva

illustrated in color); Schaefer and Dysart

(1988); Wheeler (1990).

Hippodamia variegata (Goeze)

Figs, (adult) 5, 6, 15a-c; (larva) 22

Adult diagnosis.— Length 4.40 to 5.0 mm;
base of pronotum with fine marginal bead;
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Figs. 5-8. Habitus views. 5, 6. Hippodamia variegata. 7. Oenopia conglobata. 8. Scymnus frontalis.
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head yellow with vertex black (male) or yel-

low with vertex and large frontal spot black

(female); pronotum black with anterior, lat-

eral borders, small spot on each side ofmid-

dle yellow (female) or with anterior border

of black area deeply emarginate medially

with yellow, spot on each side of middle

broadly connected to yellow anterior border

(male); elytron orange with 5, 6 or 7 black

spots: scutellar, posthumeral, 2 postdiscal,

apical spot constant; humeral, postscutellar

spots or both often absent; ventral surface

black except propleuron, meso- and metepi-

meron yellow, anterior coxa white.

Diagnosis of 4th larval instar.— Body
mostly light grayish blue; head brown ex-

cept median area posterior to mouthparts

yellow; pronotum pale yellow except dorsal

tergite black; mesonotum and metanotum
pale yellow between tergites; mesopleuron

with anterior, posterior lobes faintly yellow;

metapleuron with posterior lobe pale yel-

low, with median area oflobe bright yellow;

1st abdominal segment pale yellow between

dorsal and dorsolateral lobes, with dorso-

lateral and lateral lobes bright yellow; all

abdominal segments with faint yellow area

between dorsal and dorsolateral lobes; 4th

segment with area between dorsolateral and

lateral lobes, lateral lobe yellow; leg black.

Current American distribution.— Vicini-

ty of Montreal, Quebec, and scattered areas

in eastern Canada.

Comments.— Adults ofHippodamia var-

iegata, or H-V as it is commonly known,
can be immediately distinguished from na-

tive American species and H. undecimno-

tata by the distinctly raised margin at the

base of the pronotum. The dorsal color pat-

tern is also unlike any of the other species

except for a superficial resemblance to H.

convergens Guerin, which has the anterior

coxa black. A curious parallel exists be-

tween this species and P-Q in that both

were first found established in Quebec and
both are apparently adventive. Hippodamia
variegata was also introduced into North

America many times between 1957 and

1981 without successful establishment.

Gordon (1987) reported the 1984 establish-

ment in Quebec. Since 1984, and especially

since the advent ofthe Russian wheat aphid,

many releases, most involving Canadian

stock, have taken place in the United States,

thus far without evidence of new establish-

ment. In addition to Canadian material,

specimens have been brought into culture

from France, Morocco, and several loca-

tions in the USSR.
This species is currently classified in the

Old World as Hippodamia (Adonia) varie-

gata by lablokoff-Khnzorian (1982).

References.—Gordon (1987); lablokoff-

Khnzorian (1982); Hodek (1973) (larva il-

lustrated in color); Schaefer and Dysart

(1988).

Hippodamia (Semiadalia) undecimnotata

(Schneider)

Figs, (adult) 4, 16a-c; (larva) 23

Adult diagnosis. — Length 5.0 to 7.0 mm;
pronotum with raised basal margin; head

yellow with vertex black (male) or yellow

with vertex, clypeus black, black area on

clypeus often connected to vertex (female);

pronotum black with anterolateral angle

broadly yellow (female) or with anterior

border completely yellow (male); elytron or-

ange with 4, 5 or 6 black spots, scutellar,

humeral, postdiscal spots constant, apical,

lateral spots often absent; ventral surface

black except propleuron, epipleuron yellow.

Diagnosis of 4th instar larva. — Body
mostly orangy with rosy tints; head entirely

dark brown; pronotum with dorsal tergite

dark brown; mesonotum, metanotum with

tergites dark brown, anterior margin gray;

mesopleuron dark gray except anterior lobe,

posterior Vi of posterior lobe yellow; meta-

pleuron gray except posterior lobe mostly

yellow; 1 st, 4th abdominal segment entirely

yellow except dorsal lobe dark brown, small

area anterior to dorsal lobe, narrow area

between dorsolateral, lateral lobes gray; ab-

dominal segments 2, 3 mostly gray except

dorsum with basal margin, areas between
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Figs. 9-12. Habitus views. 9-11. Variations of Harmonia axyridis. 12. Harmonia quadripunctata.
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Fig. 13. a-d. Genitalia of Coccinella septempunctala. a-c. Male genitalia, d. Female genitalia.
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Fig. 14. a-d. Male genitalia of Propylea quatuordecimpunctata.

dorsal lobes, dorsal, dorsolateral lobes yel-

low; abdominal segments 5-8 mostly yellow

except all lobes dark brown, apical margin

narrowly gray.

Current American distribution. — Not

known to be established in America.

Comments. -This species was received

by the Agriculture Research quarantine fa-

cility in Newark, Delaware, as a contami-

nant in shipments of C-7 from the Soviet

Union in 1989. It has been reared and re-

leased in the western United States against
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Fig. 15. a-d. Genitalia, a, b. Male genitalia of Hippodamia variegata. c. Female genitalia of Hippodamia

variegata. d. Female genitalia of Propylea quatuordecimpunctata.
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RWA and there is a strong likelihood of

successful establishment; therefore it is in-

cluded here. However, no further releases

are planned for the near future. No other

species of Hippodamia occurring in North

America has exactly the same elytral spot

pattern as does H. undecimnotata; that pat-

tern is especially distinctive when the small

spot on the lateral border is present.

This species is currently classified in the

Old World as Hippodamia (Semiadalia) un-

decimnotata by lablokoff-Khnzorian (1982).

References.— lablokoff-Khnzorian ( 1 982);

Hodek (1973) (larva illustrated in color).

Oenopia conglobata (L.)

Figs, (adult) 7, 17a-c; (larva) 24

Adult diagnosis.— Length 3.3 to 5.4 mm;
dorsal color (of form currently being re-

leased) yellow, or pinkish yellow; pronotum
with 6 or 7 small, indistinct, irregular brown

spots; each elytron with 8 irregular brown
to black spots, spots faded centrally, with

diffuse margins, large globular or transverse

median dorsal spot often narrowly pro-

longed just outside of suture; sutural margin

narrowly darkened.

Diagnosis of 4th instar larva. — Body
mostly gray; head yellow except basolateral

area dark brown; pronotum bright yellow

except dorsal tergite black; mesonotum,

metanotum bright yellow between tergites;

mesopleuron with anterior, posterior lobes

pale yellow; 1st abdominal segment with

dorsal midline, dorsolateral, lateral lobes

pale yellow; 4th abdominal segment entirely

yellow except narrow gray area between

dorsal, dorsolateral, lateral lobes; remaining

abdominal segments (except segment 9) with

midline narrowly to broadly yellow, lateral

lobe yellow.

Current American distribution. — Not
known to be established in America.

Comments.— This species was released

several times in North America from 1957

through 1982 (Gordon 1985) but did not

become established. It was reintroduced in

1 990 and is currently being released in the

western United States for Russian wheat

aphid control. The released specimens are

progeny of stock introduced from Uzbek,

USSR. This species is difficult to charac-

terize because the adult dorsal color pattern

is extremely variable. However, the pat-

tern of the form diagnosed above is unlike

that of any other coccinelline species pres-

ently occurring in North America. The form

being released is classified as Oenopia con-

globata contaminata (Menetries) by lablo-

koff-Khnzorian (1982), who also provides

illustrations (p. 404) of most of the color

forms of O. conglobata.

References.— lablokoff-Khnzorian ( 1 982);

Hodek (1973) (larva illustrated in color).

Scymnus {Scymnus) frontalis (F.)

Figs, (adult) 8, 18a-c; (larva) 25

Adult diagnosis.— Size small, length less

than 3.0 mm; dorsal surface pubescent; an-

tenna short, % or less as long as head width;

apical segment of maxillary palpus short,

barrel shaped; postcoxal line on 1 st abdom-
inal sternum incomplete, curved forward in

apical 'A; each elytron with large, median

red spot.

Diagnosis of4th instar larva.— Live spec-

imens with integument entirely light green;

dorsum covered with dense, white, filamen-

tous "wax" completely obscuring dorsal

surface. Preserved specimens entirely pale

yellowish white except head, pronotal ter-

gites, legs light brown; mesopleuron, meta-

pleuron with well developed posterior lobes

each bearing single long seta; abdominal

sterna 1-7 with dorsal, dorsolateral, lateral

lobes each bearing single long seta.

Current distribution.—Not known to be

established in America.

Comments. — This species was intro-

duced because it is considered a potential

enemy of the Russian wheat aphid. It has

been cultured from stock introduced from

Turkey and is being released in several west-

em states, thus far without evidence of es-

tablishment. The subgenus Scymnus
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Fig. 16. a^. Genitalia of Hippodamia undecimnotata. a, b. Male genitalia, c. Female genitalia.
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Fig. 17. a-c. Genitalia of Ocnopia conglohata. a, b. Male genitalia, c. Female genitalia.

(Scymnus) has several native North Amer-
ican representatives (Gordon 1976, 1985)

but none possess the large, red spot on each

elytron; thus S. frontalis adults are imme-
diately recognizable in the American fauna.

The larvae cannot be recognized in the field

because many native species of Scymnus

also possess the waxy, filamentous covering

described above.

References.— None.

The following species of Harmonia have

only recently been recorded from North

America, hence were not included in the

North American coccinellid treatment
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Fig. 18. a-c. Genitalia oi Scymnus frontalis, a, b. Male genitalia, c. Female genitalia.
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Fig. 19. a-d. Harmonia axyridis. a. Abdomen, b, c. Male genitalia, d. Female genitalia.
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20

Figs. 20, 21. Larval habitus. 20. Coccinella septempunctata. 2 1 . Propylea quatuordecimpunctata.

(Gordon 1985). They have nothing to do

with the Russian wheat aphid. There are

now 3 species of Harmonia estabhshed in

North America (Chapin and Brou 1991);

the following key will allow their identifi-

cation. Harmonia dimidata is not discussed

because its status is unchanged since Gor-

don's (1985) treatment.

Key to Species of Harmonia Established

IN North America

1 . Elytron immaculate or with a pair ofblack spots

on lateral margin, 1 on each side of midline;

pronotum with 7-1 1 discrete maculae; form

ovoelliptical, depressed

quadripunctata (Pontopiddian)

- Elytron with more than 6 spots; pronotum with
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Figs. 22-25. Larval habitus. 22. Hippodamia variegata. 23. Hippodamia undecimnotata. 24. Oenopia con-

globata. 25. Scymnus frontalis.

2 to 5 spots, spots often confluent; form oval

or circular, convex 2

2. Form oval, longer than wide; pronotum with

up to 5 spots usually joined to form an

M-shaped mark or solid trapezoid

axyridis (Pallas)

- Form circular; pronotum with pair ofconfluent

black spots at base dimidiata (F.)
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Harmonia axyridis (Pallas)

Figs, (adult) 9-11, 19a-d

Adult diagnosis.— Length 4.8 to 7.50 mm;
form oval; pronotum yellow with up to 5

black spots usually joined to form an

M-shaped mark or solid trapezoid; elytron

yellowish orange with 1 black spots in fully

maculate individuals.

Diagnosis of 4th instar larva.— Larva not

available.

Current American distribution.— South-

eastern Louisiana, northern Mississippi.

Comments.—The presence of this species

in southern Louisiana and Mississippi was

first reported by Chapin and Brou (1991);

that paper should be consulted for further

details. Harmonia axyridis was released in

Louisiana between 1978 and 1981 but not

recovered. The current establishment may
be a result of these introductions, or the

population may be adventive. Since then,

H. axyridis has been found in Haralson

County, Georgia. Specimens sent by C. L.

Smith ofthe University ofGeorgia Museum
ofNatural History proved to be that species.

The specimens were collected in March,

1 99 1 aggregated on a house with some spec-

imens actually inside the house (C. L. Smith,

pers. comm.). Harmonia axyridis was re-

leased at several Georgia localities about 1

years ago (Lewis Tedders, Byron, Georgia,

pers. comm.) but not subsequently recov-

ered.

References.—Chapin and Brou (1991).

Harmonia quadripunctata (Pontopiddian)

Fig. (adult) 12

Adult diagnosis.— Length 5.0 to 8.0 mm;
form ovoelliptical, depressed; pronotum of

fully maculate individuals with 1 1 puncti-

form black spots, 1 or 2 pairs sometimes

faint or absent; elytron immaculate or with

pair of black spots on lateral margin, 1 on

each side of midline.

Diagnosis of 4th instar larva.— Larval

specimens not available.

Current distribution.—Known only from

3 localities: New Jersey (Paterson and West-

field); New York (Mt. Kisco).

Comments.—The American specimens

of this species were discovered and reported

by Vandenberg (1990). There is no record

ofan intentional introduction; therefore the

species apparently is adventive. As stated

by Vandenberg (1990), H. quadripunctata

is almost exclusively arboreal, and its hab-

itat and prey preferences in America will

most likely be the same as the native species

of Anatis and Myzia.

References.—Vandenberg (1990).
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Note

Apteraliplus parvulus (Roberts) (Coleoptera: Haliplidae)

in the Pacific Northwest

Apteraliplus parvulus (Roberts) is a di-

minutive water beetle usually thought to oc-

cur only in Santa Clara and San Mateo
counties of westcentral California (Doyen,

J. T. 1984. Aquatic Coleoptera, pp. 361-

437 in R. W. Merritt and K. W. Cummins,
eds. An Introduction to the Aquatic Insects

ofNorth America. Kendall/Hunt Publ. Co.,

Dubuque, Iowa). Adults occur in the spring

of the year and take advantage of tempo-

rarily flooded areas which are ordinarily dry

the greater part of the year.

On 16 July 1989, a small series of^. par-

vulus was collected from a temporary cattle

watering pool in Harney County Oregon ca

12 miles south of Riley. The pool, which

was approximately 20 x 5 m at that time

of the year, was along the side of a road in

open rangeland and had a mud base. There

was no macrovegetation in the pool. It was

typical of the artificial and naturally occur-

ring depressions found throughout the arid

region of southcentral Oregon. Water was

muddy with a maximum depth of 25 cm.

Numerous species of dytiscids and hy-

drophilids were also in the pool; however,

there were very few Heteroptera. This was

the only location, of four similar pools sam-

pled within a 20 mile radius, in which A.

parvulus was found.

On 13 July 1990 the same pool was vis-

ited in the hopes of obtaining quantitative

biological information concerning the beetle

and the microhabitat. Unfortunately, the

pool was found to be dry. Again, several

similar pools in the vicinity were examined
without finding the beetle.

Other records oiA. parvulus are available

in the literature but have been difficult to

substantiate. Hatch (Hatch, M. H. 1944.

Bull. Brookl. Entomol. Soc. 39: 45-47) de-

scribed Haliplus wallisi which he collected

at several locations in the arid Grand Cou-
lee region of eastcentral Washington. The
habitat he described is much like that in

which I found the beetle. Eventually, Hatch

(Hatch, M. H. 1953. The Beetles of the Pa-

cific Northwest Part 1: Introduction and

Adephaga. Univ. Wash. Publ. Biol. 16: 1-

340) synonymized H. wallisi with A. par-

vulus in his treatment of the Pacific North-

west beetle fauna. I have examined the type

of H. wallisi which is indeed a specimen of

A. parvulus; I have labeled it as such. The
type is from Steamboat Rock in the upper

Grand Coulee region of Washington (prob-

ably collected in Grant Co.). In his work.

Hatch recorded A. parvulus from north-

eastern Washington and western Oregon and

called it locally common. However, beyond

the type of H. wallisi, the only additional

specimens from Oregon or Washington

found were three from the Poe Valley of

Klamath County, Oregon (US-NMNH). I

could locate only one specimen of A. par-

vulus in the collection at Oregon State Uni-

versity (where the major portion of the

Hatch material is deposited); it is labeled

"Corvallis ?? Ore." The California Acade-

my of Sciences only contains material from

the two California counties previously men-
tioned.

It is probable that A. parvulus is more
widespread than the few locations in central

California, southcentral Oregon, and north-

central Washington where it has been col-

lected. Unfortunately, the area where Hatch

obtained his greatest number of specimens

(Steamboat Rock in Washington) is now
flooded by the development of Grand Cou-

lee irrigation project. There are, however,

hundreds ofpools similar to those described

by Hatch throughout eastern Washington

and Oregon. A thorough examination of this
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area, in the early spring, should provide new

locations of ^. parvulus.
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GENERIC REASSIGNMENT OF ANISOSTENA CHAMPIONI (BALY) TO
SUMITROSIS (COLEOPTERA: CHRYSOMELIDAE, HISPINAE)

C. L. Staines

3302 Decker Place, Edgewater, Maryland 21037.

Abstract. —Anisostena championi (Baly) is redescribed and transferred to Sumitrosis. A
lectotype and paralectotype are designated.

Key Words: Anisostena, Sumitrosis, lectotype

Baly (1885) described Charistena cham-
pioni from Guatemala. Weise (1911a) trans-

ferred the species to Anisostena. All sub-

sequent authors have followed this generic

placement.

The bodies of Anisostena species [type

species Charistena elegantula Baly, desig-

nated by Monros and Viana (1947)] are

elongate, subcylindrical, and parallel-sided.

The head is small, the eyes not swollen, and

the vertex sulcate or micropunctate. The
pronotum is transverse and is not margined.

The elytra are parallel-sided, not widened

apically, and with apices evenly rounded.

The legs have clearly curved mesotibiae.

I have examined the syntypes oiA. cham-
pioni and found them to belong to the genus

Sumitrosis Butte [type species Hispa rosea

Weber, designated by Butte (1969)]. The
bodies ofSumitrosis species are not elongate

and are widened apically. The head has eyes

which are more or less swollen and finely

granulose, vertex deeply sulcate. The pro-

notum is transverse, the lateral margins are

obtusely subangulate at middle, slightly nar-

rowing apically and obliquely more so ba-

sally. The elytra are elongate-ovate with

apices conjointly rounded. The legs have

straight or slightly curved mesotibiae.

For the following description, measure-

ments were taken with an ocular microm-
eter. Total length is from the anterior mar-

gin of the pronotum to the elytral apex.

Pronotal length is from the base to the apex

of the pronotum. Pronotal width is along

the midlength. Elytral length is from the

base to the apex. Elytral width was taken at

the humeri. In recording the label data from

type specimens, a slash (/) divides data on

different labels.

Sumitrosis championi (Baly)

New Combination

Charistena championi Baly 1885: 46. Lec-

totype (here designated): Tamahu, Vera

Paz. Champion/Syntype (white disk with

blue border)/Godman-Salvin Coll. Biol.

Centr.-Amer./Charistena championi Baly,

Guatemala/Lectotype Sumitrosis cham-
pioni (Baly) des. C. L. Staines, 1990 (red

label) (BMNH). Paralectotype (here des-

ignated): Zaporte, Guatemala, G. C.

Champion./Syntype (white disk with blue

border)/Godman-Salvin Coll. Biol.

Centr.-Amer./Paralectotype Sumitrosis

championi (Baly) des. C. L. Staines 1990

(red label) (BMNH). Champion 1894:

234;Donckier 1899: 583.

Anisostena championi (Baly). Weise 1911a:

21, 1911b: 33; Blackwelder 1946: 724;

Papp 1953: 58; Uhmann 1957: 74.

Description.— //^<3flf; Black, tinged with

metallic green; vertex and front with four
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longitudinal sulci; sulcus on inner margin

of each eye; eyes yellowish, slightly protu-

berant; antennae reddish-brown, segments

I-VI reddish, lighter than the rest; segment

I subglobose, punctate; II transverse, punc-

tate, as wide as I; III cylindrical, longer than

11; IV-VI transverse, increasing in width,

punctate; VII-X transverse, wider than pre-

ceding, hirsute; XI hirsute, pointed at apex;

vertex micropunctate. Pronotum: Subcy-

lindrical, wider than long; parallel behind

middle; densely covered with coarse punc-

tures, some substrigose; lateral margins and

base black; highly convex; basal margin bi-

sinuate; lateral sides margined; length 0.65-

0.77 mm (avg. 0.71, n = 2); width 0.73-

0.77 mm (avg. 0.75). Scutellum: Black;

quadrate; micropunctate. Elytra: Scutellar

row of 3 punctures; intervals 2, 4, and 6

costate, all uniformly raised, 2 and 6 unite

on apical fifth, 4 does not attain union by

the diameter of 2 punctures; 8 regular punc-

ture rows, some punctures in rows 1 & 2

confluent; black macula at base in middle

from suture to puncture row 2 and from

basal margin to 4th puncture in row 1 ; black

apical macula from suture to interval 1 and

from apex back 2 punctures; humeri black;

interval 6 black from humerus down 6

punctures; suture darkened; lateral margins

smooth; apical margins dentate; parallel-

sided; apices regularly rounded; length 2.0

mm; width 1.0-1.1 mm (avg. 1.05). Legs:

Femur punctate, yellowish-brown; tibiae

expand toward apex; tarsi darker; trochan-

ter black. Venter: Abdominal stemite, meso-

and metastema black; prostemum black

medially, reddish-brown laterally. Total

length 2.66-2.8 mm (avg. 2.73).

Larval host plant.—Unknown.
Immature stages.— Unknown.
Distribution.—Mexico and Guatemala.

Specimens examined.—GUATEMALA:
Alta Verapaz- Tamahu; Escuintla- El Zapote

(BMNH). Total: 2.

Discussion.—The paralectotype differs

from the lectotype in that it lacks the elytral

apical macula. This species is not repre-

sented in the U.S. National Museum Col-

lection.
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A REVISION OF THE NEARCTIC SPECIES OF DIALINEURA RONDANI
AND PALLICEPHALA IRWIN AND LYNEBORG

(DIPTERA: THEREVIDAE: THEREVINAE)

Donald W. Webb and Michael E. Irwin

Illinois Natural History Survey, 607 East Peabody Drive, Champaign, Illinois 61820.

Abstract.— Tho, Nearctic species of Dialineura Rondani and Pallicephala Irwin and
Lyneborg are revised. Psilocephala fuscipennis Cole is synonymized with Pallicephala

occidentalis (Cole). Pallicephala quebecensis new species, from the Great Whale River,

Quebec, Canada, and P. westcotti new species, from Waldport, Oregon are described. A
key to the species is provided along with species descriptions and distributions.

Key Words: Diptera, stilleto flies, Therevidae, Dialineura, Pallicephala, Nearctic revi-

sion, species keys, descriptions, distributions

In a revisionary monograph on the Ne-

arctic genera of Therevidae (Irwin and

Lyneborg 1981a), several new genera were

described and others were redescribed. This

paper is the second (Webb and Irwin 1988)

of a series to revise the species within the

genera treated in that monograph. Diali-

neura Rondani is a Holarctic genus. Diali-

neura was erected by Rondani (1856: 155)

with Musca anilis Linnaeus as the type spe-

cies by original designation. At present, 1

1

species are reported from the Palaearctic re-

gion and one species from the Nearctic re-

gion. Lyneborg (1968a) and Zaitzev (1971)

reviewed the genus, with subsequent new
species being described by Zaitzev (1977)

and Nagatomi and Lyneborg (1988). Lyne-

borg (1975) first recorded Dialineura go-

rodkovi Zaitzev for the Nearctic region. The
genus Pallicephala is a Nearctic genus and

was erected (Irwin and Lyneborg 1 98 la) for

four western and one eastern species, with

P. variegata (Loew) designated as the type

species.

The morphological terminology used for

the male terminalia was originally defined

and described by Lyneborg (1968b) and

subsequently modified by Lyneborg (1972,

1976, 1978) and Irwin (1977a, b); that for

the female terminalia was defined and de-

scribed by Irwin (1976). Other morpholog-

ical features are described in terminology

set out in the Manual of Nearctic Diptera

(McAlpine 1981). The range and ratio for

each measurement is followed by the mean;

the range for each setal count is followed by

the mode (setal counts are taken from the

left side of the specimen and, if the setal

count is followed by a count in parenthesis,

it indicates a difference in counts between

the left and right sides of the same speci-

men).

Each specimen was assigned a unique

THEREVIDAE/M. E. IRWIN/SPECI-
MEN number attached to the specimen. This

number is used to associate the ecological

and label data with a given specimen and

is printed in italics. The data are to be in-

corporated into an automated data man-
agement system originally designed by

Ranch (1970).

To conserve space and include as much
information as possible about each speci-

men, a layout adopted from Irwin (1983) is
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Derivation of name.— diali (word of un-

known origin), neuron (Greek) = nerve.

Diagnosis.—The genus Dialineura is al-

lied to the genera Pallicephala Irwin and

Lyneborg and Nebritus Coquillett by pos-

sessing fine setae on the posterior surface of

the middle coxa, by having the prostemum
with fine setae in and around its central de-

pression (exception P. quebecensis), and with

the scape wider than the width of the first

flagellomere. Both sexes of Dialineura can

be distinguished from Nebritus by not hav-

ing the head strongly protruding anteriorly

and by having the parafacial pruinose or

tomentose rather than entirely glossy. Males

of Dialineura can be distinguished from

Pallicephala by having the posterolateral

comers of the epandrium strongly project-

ing and extending to or beyond the cercus

and hypoproct; females of Dialineura are

distinguished from Pallicephala by having

setae over the entire frons.

Small- to medium-sized, moderately

slender flies.

Description.— Head: Male eyes holoptic,

facets equal; antenna (Fig. 2), length 0.5

times head depth; scape cylindrical; pedicel

ovate; flagellum vase-shaped, tapered api-

cally; style terminal, one-segmented; ter-

minal spine minute; frons in female (Fig.

1 2) broad, lateral margins convergent dor-

sally; facial and genal calli absent; parafacial

broad; clypeus concave; maxillary palp one-

segmented (Fig. 3), cylindrical, apex round-

ed; setae scattered over entire frons, short

on male, moderately long on female; elon-

gate, abundant on gena and maxillary palp;

absent on eye, parafacial, and clypeus.

Thorax: Macrosetae; np 3-6, sa 2, pa 1-

2, dc 1-3, sc 1-2. Vittae brownish grey; setae

moderately long; prostemal setae elongate;

setae abundant on propleuron and anepi-

stemum, scattered on katepistemum, ab-

sent on remaining pleural sclerites. Wing
(Fig. 4): Opaque, pale whitish brown; veins

brown; pterostigma indistinct; setulae ab-

sent; length of R4 1.0-1.1 times R5; cell r^

large; length of cell r^ 2.0-2.4 times width;

Character states.

Plesiomorphic
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Figs. 2-14. Dialineura gorodkovi {6932, 6920) 2. Male antenna, lateral view. 3. Male maxillary palp, lateral

view. 4. Male wing, dorsal view. 5. Male tergite 8, epandrium, cercus, and hypoproct, dorsal view. 6. Male
epandrium, cercus, and hypoproct, lateral view. 7. Male gonocoxite and gonostylus, dorsal view. 8. Male stemite

8, gonocoxite and gonostylus, ventral view. 9. Male aedeagus, dorsal view. 10. Male aedeagus, ventral view. 11.
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stricted along posterior margin. Stemite 8

somewhat reduced; posterior margin emar-

ginate. Epandrium longer medially than

wide, in most species more markedly nar-

rowing posteriorly than in the type species

and has a distinct, lateral incision; cercus

free, well sclerotized, never extending be-

yond hypoproct; hypoproct varies greatly in

size, not extending beyond cercus in the type

species, but in other species extending mod-
erately to noticeably beyond cercus, being

longer than half the length of epandrium;

basal membrane of hypoproct weak, gen-

erally extending to or near anterior margin

of epandrium, but not attached to anterior

margin of aedeagus. Hypandrium absent.

Gonocoxite not united ventrally except by

a weak membrane, in lateral view charac-

teristically projecting posteriorly; paramer-

al apodeme short and narrow, not attached

to aedeagus; parameral process (Nagatomi

and Lyneborg 1988) short, finger-like, apex

rounded; some species show an additional

small, finger-like process (substylus, Naga-

tomi and Lyneborg 1988) on inner margin

of gonocoxite slightly distad to insertion of

parameral process. Gonostylus broad, dor-

soventrally flattened with lateral spine-like

projections. Aedeagus with dorsal apodeme
broad basally, tapering posteriorly to nar-

row, ventrally down-turned distiphallus with

distal apex up-turned; ventral apodeme
broad, oval, extended anteriorly beyond
dorsal apodeme; ejaculatory apodeme sim-

ple, thickened proximally. Female terminal-

ia (Figs. 13, 14): Tergite 8 (Tg) subrectan-

gular, wider than long, posterior margin

tapered posteriorly, generally retracted un-

der tergite 8 to give appearance of a trun-

cated posterior margin. Tergite 9+10 fused

(T9+10); large. Cercus (C) subtriangular,

membranous; numerous, fine, moderately

long setae. Stemite 8 (Sg) large; longer than

wide; posterior margin with median emar-

gination. Stemite 9 greatly modified, invag-

inated above stemite 8, forming internal

furca (F) that is closed anteriorly. Stemite

10 membranous; subtriangular with short,

fine setae.

Immature stages.—Unknown.
Biology.— Adults inhabit sandy hum-

mocks on the northem boreal zone, and
many can be found in the northem coastal

dunes of Canada.

Distribution.— In the Nearctic region, Di-

alineura ranges from northem Manitoba to

the Yukon.

Dialineura gorodkovi Zaitzev

Dialineura gorodkovi Zaitzev (1971: 191);

Lyneborg (1975: 577).

Derivation of name.—This species is a

patronym in honor of K. B. Gorodkov.

Description of male (N = 10).— Length

(excluding antenna) 7.7-10.0, 8.5 mm.
Head: Depth 1.4-1.7, 1.5 mm. Ocellar

tubercle covered with dense brownish grey

pminosity; ocellar setae dark reddish brown,

paler and more elongate along posterior

margin. Eye dark red; median margin of eye

angulate. Frons with dense white pile, dark

grey dorsally; dark grey band of pile lateral

to antennal base; setae dark yellow, mod-
erately long with a few scattered dark red-

dish brown setae. Antenna (Fig. 2) dark

brown, with grey pruinosity; setae pale yel-

low, fine, mixed with thicker dark reddish

brown setae on scape; setae dark yellow on

pedicel, dark reddish brown on flagellum;

length of antenna 0.5 times head depth;

length of scape 0.32-0.40, 0.35 mm, 1.5-

Male aedeagus, lateral view. 12. Female head, frontal view. 13. Female terminalia, dorsal view. 14. Female

terminalia, ventral view. Abbreviations: Cercus (C); Dorsal Apodeme (DA); Ejaculatory Apodeme (EA): Epan-

drium (Epa); Furca (F); Gonocoxite (Gx); Gonostylus (Gs); Hypoproct (Hyprct); Parameral Apodeme (PA);

Parameral Process (PP); Stemite 8 (S,); Stemite 10 (S,„); Substylus (Ss); Tergite 8 (T^); Tergite 9+10 (T,+ ,o);

Ventral Apodeme (VA). Scale = 0. 1 mm, unless otherwise indicated.
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1.9, 1.7 times width, 3.2^.0, 3.5 times

length of pedicel; length ofpedicel 0. 1 mm,
0.6-0.7, 0.7 times width; length of flagellum

0.32-0.40, 0.36 mm, 1.8-2.8, 2.3 times

width, 0.9-1.2, 1.0 times length of scape;

length of style 0.06-0.08, 0.07 mm. Para-

facial with dense white pile. Genal setae

white. Maxillary palp (Fig. 3) dark brown;

length 0.52-0.70, 0.59 mm, 5.2-9.7, 6.7

times width; setae white.

Thorax: Macrosetae: np 3-4, sa 2, pa 1-

2, 1, dc 2, sc 1-2, 2. Ground color grey, with

mixture of white and black, fine, elongate

setae; vittae brownish grey. Postpronotal

lobe concolorous with thorax; setae white,

elongate. Prostemal setae white. Pleuron

ground color dark reddish brown, with dense

grey pruinosity; setae white, elongate, abun-

dant on propleuron and scattered over en-

tire anepistemum and katepistemum. Scu-

tellum grey; setae white. Laterotergite dark

reddish brown, with dense grey pruinosity;

setae white. Wing (Fig. 4): Length 5.3-7.8,

6.5 mm, 2.7-3.6, 3.0 times width; opaque,

pale whitish brown; pterostigma indistinct.

Halter dark brown, capitulum pale brown.

Legs: Dark reddish brown; coxae with dense

whitish grey pruinosity; black macrosetae

at apex of coxae.

Abdomen: Ground color dark reddish

brown, with dense whitish grey pruinosity;

setae white, elongate. Terminalia (Figs. 5-

1 1): Epandrium (Epa) not extending pos-

teriorly to apex of cercus and hypoproct;

posterior margin broadly emarginate; pos-

terolateral comer without black macrosetae;

cercus (C) oblong, rounded posteriorly; hy-

poproct (Hyprct) large, tapered posteriorly;

in ventral view hypoproct attached to pos-

terior margin of epandrium; in lateral view

hypoproct rounded apically. Characteristics

ofgonocoxite and aedeagus described in de-

scription of genus. Gonostylus thick, with

basolateral projection. Parameral process

(Nagatomi and Lyneborg 1988) narrow,

rounded apically.

Description of female (N = 10).— Similar

to male with following exceptions. Length

(excluding antenna) 7.3-10.2, 9.2 mm.

Head: Depth 1.3-1.6, 1.5 mm. Ocellar

tubercle dark reddish brown, with dark gold

pruinosity; setae dark reddish brown, scat-

tered. Eyes dark reddish brown; median
margin of eye straight. Frons (Fig. 1 2) dark

reddish brown, dorsal half with dark gold

pruinosity, ventral half with silver grey

pruinosity; dark yellow and dark reddish

brown setae, moderately long, scattered over

entire frons. Antenna with dark reddish

brown setae on pedicel, length of antenna

0.5-0.6, 0.5 times head depth; length of

scape 0.24-0.38, 0.35 mm, 1.3-1.8, 1.6

times width, 3.0-3.8, 3.5 times length of

pedicel; length of pedicel 0.08-0.10, 0.10

mm, 0.6-0.7, 0.6 times width; length of fla-

gellum 0.32-0.40, 0.36 mm, 2.0-2.4, 2.1

times width, 0.9-1.4, 1.1 times length of

scape; length of style 0.06-0.10, 0.08 mm.
Maxillary palp pale yellowish brown; length

0.48-0.66, 0.59 mm, 4.8-8.3, 7.0 times

width.

Thorax: Macrosetae: np 3-6, 3, sa 2, pa

1, dc 1-3, 2 sc 2. Dark gold and black setae

on mesonotum, dark gold setae subap-

pressed; white to pale yellow setae on scu-

tellum. Wing: Length 6.2-8.0, 7.1 mm, 2.9-

3.4, 3.2 times width. Legs: Foretibia dark

yellowish brown, apical fourth dark reddish

brown.

Abdomen: Dark reddish brown, with

dense grey pruinosity along posterior third

of each tergite. Terminalia (Figs. 13, 14):

Characteristics described in description of

genus. Furca (Fig. 14) oblong; posterior

margin broadly emarginate; lateral margins

constricted medially; anterior margin

broadly rounded.

Seasonal activity.— In the specimens ex-

amined, adults were collected from 5 June

until 27 August on sand dunes.

Distribution.- In the Nearctic region, D.

gowdkovi is a northern species ranging from

northern Manitoba to the Yukon.

Specimens examined (N = 82) (AMNH,
CAS, CNC, INHS, UBC, UCB).-Type ma-

terial: Species verification was based on a

comparison with a male and female para-
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type of Dialineura gowdkovi Zaitzev bor-

rowed from V. F. Zaitzev.

Other material: CANADA: Manitoba:

Churchill, 13-VII-1952, J. G. Chillcott, IF;

12-VII-1952, J. G. Chillcott, IM; 24-VII-

1947, T. H. Freeman, IM; 14-VII-1932,

Sandsere, IF; Fort Churchill, 5-VII-1954,

H. M. Graham, IM. Northwest Territories:

34 km E Tuktoyaktuk, 20-25-VI-1971, D.

M. Wood, 9M 5F; 8-1 2-VII- 1971, D. M.
Wood, IF; Eskimo Point, 2-VIII-1950, G.

R. Roberts, 3F; 3-VIII-1950, G. G. Di-

Labio, IF; Chesterfield, 27-VIII-1950, J. G.

Chillcott, IF; Kidluit Bay, Richards Island,

25-VII-1948, J. R. Vockeroth, IF; Reindeer

Depot, Mackenzie Delta, 1 1 -VII- 1 948, J. R.

Vockeroth, IF; 15-VII-1948, J. R. Vock-

eroth, IF; 6-VII-1948, J. R. Vockeroth, IM
IF; Muskox Lake, 65°45'N, 108°10'W, 20-

VII- 1953, J. G. Chillcott, IM IF; 12-VII-

1953, J. G. Chillcott, IF; lO-VII-1953, J.

G. Chillcott, IM; 1
1 -VII- 1953, J. G. Chill-

cott, IM; Holman, Victoria Island, 30-VI-

1 952, D. P. Gray, 1 M; Aklavit, 1 5-VII- 1931,

Bryant, IM. Yukon: British Mountains,

Firth River, 24-VII-1956, R. E. Leech, IM;

21-VII-1956, R. E. Leech, IM; 25-VII-1956,

R. E. Leech, IF; Firth River, 14-VII-1956,

E. F. Cashman, IM; R. E. Leech, 2M; 24-

VII- 1956, R. E. Leech, IM; Carcross, 16-

18-VI-1982, G. and M. Wood, 18M 7F (2

pairs in copulo), on sand dunes; 2 km N
Carcross, 650 m; 1 7-VII- 1 980, D. M. Wood
and Lafontaine, 2F; Carcross, 13-VII-82, S.

G. Cannings, L. Vasington, and R. A. Moore,

IM 2F; 22-VII-1981, S. G. Cannings, IF;

20-VII-1987, S. G. Cannings, IF; 2 km N
Carcross, 5-VI-1981, C. S. Guppy, IF; Old
Crow, 29-VI-1983, S. G. Cannings, IF;

Trout Lake, 68°50'N, 138°45'W, S. G. Can-

nings, IF.

Pallicephala Irwin and Lyneborg

Pallicephala Irwin and Lyneborg (1981a:

206); Irwin and Lyneborg (1981b: 519).

Type species: Psilocephala variegata Loew
(1869: 170) by original designation.

Derivation of name, —palla, feminine

(Greek) = ball; kephale (Greek) = head.

Diagnosis.—The genus Pallicephala is al-

lied to the genera Nebritus Coquillett and

Dialineura Rondani by possessing fine setae

on the posterior surface of the middlecoxae,

by having the prostemum with fine setae in

and around its central depression, and with

the scape wider than the width of the first

flagellomere. Males o{ Pallicephala are sep-

arated from these two genera in having the

posterolateral comers of the epandrium

strongly projecting and extending to or be-

yond the cercus and hypoproct; females are

separated from Dialineura by having setae

present on only the dorsal two-thirds of the

frons, and from Nebritus by not having the

head strongly protruding anteriorly and by

having the parafacial pruinose or tomentose

rather than glossy.

Moderate to large-sized, slender to heavi-

ly-bodied flies.

Description.— Head: Male eyes holoptic,

facets equal; antenna (Figs. 47, 69), length

0.5-0.9 times head depth; scape cylindrical;

pedicel ovate; flagellum vase-shaped, ta-

pered apically; style terminal, one to two

stylomeres in males, one stylomere in fe-

males; terminal spine minute; head slightly

protruding at antennal level; frons in female

broad, lateral margins convergent dorsally;

males and females with a dull darkened band

crossing at antennal level; facial and genal

callus absent; parafacial broad; clypeus con-

cave; maxillary palp one-segmented (Fig.

48), cylindrical, apex rounded; setae short

on frons, restricted to dorsal two-thirds;

elongate, abundant on gena and maxillary

palp; absent on eyes, parafacial, and clyp-

eus.

Thorax: Macrosetae: np 2-6, sa 1-3, pa

1-2, dc 1-3, sc 1-2. Vittae indistinguish-

able; setae variable on mesonotum; proster-

nal setae elongate; setae abundant on pro-

pleuron and anepistemum, scattered on

katepistemum, absent on remaining pleural

sclerites. Wing (Fig. 49): Opaque, occasion-

ally with variable markings; veins brown;

pterostigma diffuse; R4 1.1-1,2 times R5;

cell r4 large; length of cell r^ 1.8-2.7 times

width at apex; cell mj generally open; discal
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cell acute basally; cell cup closed with short

petiole; m-cu/r-m subequal. Legs: Coxae

moderately long; setae elongate, scattered

on anterior and posterior surfaces; forecoxa

with 2-3 apical, black macrosetae, generally

slender, but thick in willistoni; hindcoxa with

0-2 lateral macrosetae, generally absent in

males. Hindfemur with 2-1 1 anteroventral

setae.

Abdomen: Thick; dorsum broadly round-

ed, with dense silver grey pruinosity; setae

white, moderately long. Male terminalia

(Figs. 15-20, 23-28, 31-36, 39^4, 50-57,

6 1-66, 70-76): Tergite 8 wide; deeply emar-

ginate medially. Stemite 8 large, simple.

Epandrium generally quadrate (lateral mar-

gins curved medioventrally in P. variegata,

almost contiguous medioventrally; this

condition appears to be highly variable based

on an examination of male epandria in P.

fulvipilosa and P. occidentalis); extending

posteriorly (in pinned specimens) to apex of

cercus and hypoproct; longer in midline than

maximum width; posterior margin broadly

emarginate; posterolateral comer with or

without black macrosetae; cercus oval; hy-

poproct bilobed posteriorly; in ventral view

hypoproct attached laterally to epandrium

and gonocoxite with a membranous attach-

ment to anterior margin of dorsal apodeme
of aedeagus. Hypandrium reduced to cres-

cent-shaped narrow remnant. Gonocoxite

in ventral view not united medially; in lat-

eral view with a parameral process (Naga-

tomi and Lyneborg 1 988) bearing numerous

black setae; and a posterolateral projection

which may or may not bear black macro-

setae. Gonostylus narrow, mediolateral

patch of elongate setae posteriorly, a baso-

lateral projection may or may not be pres-

ent. Aedeagus with dorsal apodeme laterally

attached by a strongly sclerotized bridge to

basal section of paramere; distiphallus nar-

row, downwardly directed; ventral apo-

deme broad; ejaculatory apodeme short,

apex rounded, not forked. Female terminal-

ia (Figs. 21, 22, 29, 30, 37, 38, 45, 46, 59,

60, 67, 68, 78, 79): Tergite 8 subrectangular,

wider than long, posterior margin tapered

posteriorly, generally retracted under tergite

8 to give appearance ofa truncated posterior

margin. Tergite 9+10 fused, bilobed; dor-

somedial lobe with numerous large, black

macrosetae; dorsolateral lobe with black

macrosetae but not as large as macrosetae

on dorsomedial lobe. Cercus subtriangular;

membranous; numerous, fine, moderately

long setae. Stemite 8 large; longer than wide;

posterior margin with deep, narrow, median

emargination. Stemite 9 greatly modified,

invaginated above stemite 8 to form inter-

nal furca which is closed anteriorly. Stemite

10 membranous; subtriangular; setae gen-

erally short, fine, but thick in P. slossonae.

Immature stages.— Larval specimens of

P. westcotti have been collected in coastal

dunes in Oregon.

Biology.— Little is known of the biology

of this genus.

Distribution (Figs. 80-82). -The four

western species range from Califomia to

southem British Columbia. The three east-

em species range from New Bmnswick and

Prince Edward Island to northwestem In-

diana and eastem Wisconsin.

Key TO THE Species of Pallicephala

1

.

Scape with fine white to pale yellow setae ven-

trally (Fig. 69); length of flagellum less than 0.7

times length of scape; in males, posterolateral

comer ofepandrium with black macrosetae (Fig.

70) 2

- Scape without fine setae ventrally (Fig. 47);

length offlagellum greater than 0.7 times length

of scape; in males, posterolateral comer of

epandrium without black macrosetae (Fig. 50)

3

2. Thoracic setae elongate, black or white; in

males, black setae on parameral process and

posterolateral projections of gonocoxite; in fe-

males, frons with dense mediolateral patch of

setae willistoni (Cole)

- Thoracic setae short to moderately long, dark

yellow; in males, dark yellow setae of para-

meral process and posterolateral projections of

gonocoxite; in females, frontal setae scattered

slossonae (Coquillett)

3. Two pairs of scutellar macrosetae 4

- One pair of scutellar macrosetae 6

4. Coxae with apical macrosetae black

occidentalis (Cole)

- Fore and middle coxae with apical macrosetae
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dark yellow to pale brown; occasionally black

macrosetae on hind coxae of males 5

5. Prostemal setae white variegata (Loew)

- Prostemal setae absent

quebecensis Webb and Irwin, new species

6. Wing with brown markings at crossveins (as

in Fig. 49) flavipilosa (Cole)

- Wing without markings

westcotti Webb and Irwin, new species

Pallicephala flavipilosa (Cole)

Psilocephala variegata flavipilosa Cole

(1923: 62): Cole (1965: 352).

Pallicephala flavipilosa (Cole); Irwin and

Lyneborg("l981a: 207).

Derivation of name, —flavus (Latin) = yel-

low; pilos (Greek) = hair.

Diagnosis. —Pallicephala flavipilosa is

similar to P. occidentalis, P. variegata, and

P. westcotti in having a basolateral projec-

tion on the gonostylus and the scape lacking

fine, elongate setae. It is separated from these

species by the characteristics provided in

the key.

Description of holotype male {5960).—

Length (excluding antenna) 9.8 mm.
Head: Depth 2.0 mm. Ocellar tubercle

reddish brown, with gray pruinosity; ocellar

setae white to silver. Eye dark red; median
margin of eye sinuate. Frons with dense sil-

ver pile. Antenna dark brown, with grey

pruinosity; setae dark brown on pedicel and

flagellum; macrosetae on scape dark brown;

length of antenna 0.5 times head depth;

length of scape 0.42 mm, 1.8 times width,

4.2 times length of pedicel; length ofpedicel

0.10 mm, 0.5 times width; length of flagel-

lum 0.38 mm, 1.9 times width, 0.9 times

length of scape; length of basal stylomere

0.04 mm; length of apical stylomere 0.10

mm. Parafacial with dense silver pile. Genal

setae silver. Maxillary palp dark brown, with

grey pruinosity, length 0.58 mm, 4.8 times

width; setae silver to pale yellow.

Thorax: Macrosetae: np 3, sa 1, pa 1, dc

2, sc 1 . Ground color dark greyish brown;

setae silver to pale yellow, short, appressed.

Postpronotal lobe concolorous with thorax;

setae silver to pale yellow. Pleuron dense

grey; setae silver to pale yellow, abundant

on propleuron and anepistemum, scattered

on katepistemum. Scutellum dense grey; se-

tae pale yellow. Laterotergite dark brown,

with grey pruinosity; setae pale yellow.

Wing: Length 7.8 mm, 3. 1 times width; pale

yellow, with pale brown spot at fork of R4+5

and pale brown border on crossveins r-m,

m-m, and m-cu, and veins Mi+j, basal half

of M3, and apical half of CuA,; pterostigma

brown. Halter dark reddish brown, stalk

paler. Legs: Coxae and femora dark reddish

brown, with grey pruinosity; tibiae dark yel-

low, apex reddish brown; tarsomere 1 with

basal half dark yellow, apical half and re-

maining tarsomeres reddish brown.

Abdomen: Ground color dark reddish

brown, with grey pruinosity; tergite 1 with

median reddish brown area; tergites 2-3 with

median reddish brown triangle; tergite 4

reddish brown. Terminalia (Figs. 15-20):

Epandrium generally quadrate (lateral mar-

gins occasionally curved medioventrally);

posterolateral comers lacking black macro-

setae. Black setae on parameral process and

posterolateral projections of gonocoxite.

Gonostylus with basolateral projection.

Male variation (N = 6).— Length (exclud-

ing antenna) 7.5-10.2, 9.0 mm.
Head: Depth 1.5-2.0, 1.8 mm. Length of

antenna 0.5-0.6, 0.5 times head depth;

length of scape 0.34-0.42, 0.38 mm, 1.5-

2.1, 1.7 times width, 4.2-4.8, 4.4 times

length of pedicel; length of pedicel 0.08-

0.10, 0.09 mm, 0.5-0.6, 0.6 times width;

length offlagellum 0.28-0.38, 0.33 mm, 1.6-

1.9, 1.9 times width, 0.8-0.9, 0.9 times

length of scape; length of basal stylomere

0.02-0.06, 0.04 mm, length of apical sty-

lomere 0.06-0.12, 0.09 mm. Length of

maxillary palp 0.44-0.60, 0.52 mm, 3.8-

7.5, 5.4 times width.

Thorax: Macrosetae: np 3, sa 1, pa 1, dc

2-3, 2, sc 1. Wing: Length 5.5-7.8, 6.7 mm,
2.7-3.1, 2.9 times width.

Description of female.— Similar to male

with following exceptions (N = 4). Length

(excluding antenna) 12.5-14.6, 13.3 mm.
Head: Depth 1.9-2.1, 2.0 mm. Ocellar

tubercle black; setae black. Eye with median
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F,gs. ,5-22. Pa,Uce,,a,afla.,.,o.a O^V.. 5Mi) ,5. «* .e..uc
8^

epa„dr,um. cer^u. a^

dorsSl view. ,6. Mole hypandrium, gonocoxhc and Son»«yl>-^ do-al v,ew^

MaraedeagTventJview. 20.

vmtion: Hypandnum (Hpa). Scale = 0.1 mm, unless otherwise mdicalcd.



VOLUME 93, NUMBER 4 879

margin rounded. Frons black, with dense

silvery grey pile; setae black, short, ap-

pressed, scattered. Length of antenna 0.5-

0.6, 0.6 times head depth; length of scape

0.50-0.52, 0.51 mm, 1.4-1.6, 1.6 times

width, 4.2-5.2, 4.7 times length of pedicel;

length of pedicel 0.1 0-0. 12, 0.11 mm, 0.4-

0.5, 0.5 times width; length of flagellum

0.36-0.38, 0.37 mm, 1.2-1.6, 1.5 times

width, 0.7-0.8, 0.7 times length of scape;

length of style 0. 1 2-0. 16,0.14 mm. Length

of maxillary palp 0.62-0.72, 0.68 mm, 3.3-

4.5, 4.2 times width.

Thorax: Macrosetae: np 3, sa 1, pa 1, dc

2, sc 1 . Wing: Length 9.3-9.9, 9.5 mm, 3. 1-

3.2, 3. 1 times width. Legs: Foreleg with coxa

and femur reddish brown; tibia dark yel-

lowish brown, apex reddish brown; tarso-

mere 1 dark yellow brown, apex reddish

brown, tarsomeres 2-5 reddish brown.

Abdomen: Dark reddish brown with dense

grey pruinosity on tergites 1-3, 5-7, and
laterally on tergite 4; tergite 8 glossy. Ter-

minalia (Figs. 21, 22): Furca (Fig. 22) ob-

long; posterior margin slightly emarginate;

lateral margin sinuate; anterior margin
slightly emarginate.

Seasonal activity.— In the specimens ex-

amined, adults were collected from 7 April

until 28 May.

Distribution (Fig. SO).— Pallicephala fla-

vipilosa is a western species known only from

California.

Specimens examined (N = 12) (CAS,

INHS, UCB, UNeb).-Type material: The
holotype male ofPsilocephala variegatafla-

vipilosa (California Academy of Sciences,

type number 1486; M. E. Irwin Therevidae

Number 5960) was collected at Paso Ro-

bles, Cahfomia on 26 April 1919 by E. P.

Van Duzee.

Other material: UNITED STATES:
CALIFORNIA: Butte County: Lake Ahart,

Chico area, 7-IV-1961, IM; Humboldt
County: Grizzly Creek, 25-IV-1954, B. P.

Bliven, 1 F; Monterey County: Arroyo Seco

River, 8 km SW Greenfield, 122 m, 3-V-

1975, W. W. Middlekauff, IM; Napa

County: Napa, 28-V-1960, R. E. Rice, IF;

Plumas County: Feather River at Blairsden,

16-V-1982, J. A. Powell, 3M; San Luis

Obispo County: Paso Robles, 26-IV-1919,

E. P. Van Duzee, 1 M 1 F; Shasta County:

Viola, 18-V-1941, C. D. Michener, IF; Te-

hama County: 7-IV- 1 96 1 , 1 M 1 F, in copulo.

Pallicephala occidentalis (Cole)

Psilocephala variegata occidentalis Cole

(1923: 61): Cole (1965: 352).

Pallicephala occidentalis (Cole); Irwin and
Lyneborg (1981a: 208).

Psilocephala fuscipennis Cole (1923: 62):

Cole (1965: 352). New synonymy.
Pallicephala fuscipennis (Cole); Irwin and

Lyneborg (1981a: 208).

Derivation of nsune.— occidentalis (Latin)

= of the west.

Cole (1923) described Psilocephala fus-

cipennis on the basis of a single female that

differed from females of Psilocephala var-

iegata occidentalis and P. variegata flavi-

pilosa by having the thoracic setae black,

short, appressed and the wings largely

cloudy. A comparison of the holotype fe-

male of P. fuscipennis with females of Pal-

licephala occidentalis indicates that the ho-

lotype is a badly rubbed specimen of which

the pale setae on the thorax have been re-

moved leaving only the underlying black,

short, appressed setae. The wing mem-
branes of females in both of these species

are distinctly clouded. Based on this com-
parison we are synonymizing P. fuscipennis

with P. occidentalis.

Diagnosis.— Pallicephala occidentalis is

similar to P. flavipilosa, P. variegata, and P.

westcotti in having a basolateral projection

on the gonostylus and the scape lacking fine,

elongate setae. It is separated from these

species by the characteristics provided in

the key.

Description of holotype male (5962).—

Length (excluding antenna) 10.2 mm.
Head: Depth 1.8 mm. Ocellar tubercle

black, with grey pruinosity; ocellar setae
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Figs. 23-30. Fallicephala occidentalis (5952. 5935) 23. Male lergite 8, epandrium, cercus, and hypoproct,

dorsal view. 24. Male hypandrium, gonocoxitc and gonostylus, dorsal view. 25. Male stemite 8, hypandrium,
gonocoxite and gonostylus, ventral view. 26. Male aedeagus, dorsal view. 27. Male aedeagus, ventral view. 28.

Male aedeagus, lateral view. 29. Female terminalia, dorsal view. 30. Female terminalia, ventral view. Scale =
0. 1 mm, unless otherwise indicated.
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black. Eye brown, median margin of eye

sinuate. Frons with dense white pile. An-

tenna dark brown with dense grey pruinos-

ity; setae black; macrosetae on scape black;

length of antenna 0.6 times head depth;

length of scape 0.44 mm, 1.7 times width,

3.7 times length of pedicel; length of pedicel

0.12 mm, 0.7 times width; length of flagel-

lum 0.40 mm, 1.8 times width, 0.9 times

length of scape; length of basal stylomere

0.04 mm; length of apical stylomere 0.10

mm. Parafacial with dense white pile. Genal

setae white. Maxillary palp dark brown,

length 0.60 mm, 6.0 times width, setae white

to pale yellow.

Thorax: Macrosetae: np 3, sa 2, pa 1, dc

2, sc 2. Ground color dark brown with dense

grey pruinosity; setae predominately black,

short, appressed, mixed with scattered white

to pale yellow setae. Postpronotal lobe con-

colorous with thorax; setae white. Pleuron

dense grey; setae white to silver, abundant

on propleuron and anepistemum and white,

scattered on katepistemum. Scutellum with

dense silver pile; setae silver to pale gold.

Laterotergite dark brown with grey prui-

nosity; setae white. Wing: Length 7.8 mm,
2.8 times width; pale smoky brown with

pale brown spot at fork ofR4+5; pterostigma

brown. Halter dark brown, stalk paler. Legs:

Coxae and femora dark brown, with grey

pruinosity. Foretibia dark brown; middle

and hind tibiae dark yellowish brown, apex

dark brown. Tarsomeres on foreleg dark

brown; tarsomeres of middle and hind legs

dark brown with basal two-thirds of tarso-

mere 1 dark yellowish brown.

Abdomen: Ground color dark brown with

grey pruinosity, forming a lateral triangle on

tergites 1-4; setae dark brown on dark brown

areas, white, appressed on pruinose areas.

Terminalia (Figs. 23-28): Epandrium gen-

erally quadrate (lateral margins occasionally

curved ventrally); posterolateral corners

lacking black macrosetae; black setae on

parameral process and posterolateral pro-

jections on gonocoxite. Gonostylus with ba-

solateral projection.

Male variation (N = 10).— Length (ex-

cluding antenna) 10.0-12.5, 11.3 mm.
Head: Depth 1.8-2.3, 2.1 mm. Antenna

with ventral macrosetae occasionally dark

yellow; length ofantenna 0.5-0.6, 0.6 times

head depth; length of scape 0.38-0.54, 0.47

mm, 1.3-1.9, 1.7 times width, 2.7^.5, 3.8

times length of pedicel; length of pedicel

0.10-0.14, 0.12 mm, 0.5-0.7, 0.6 times

width; length of flagellum 0.38-0.44, 0.40

mm, 1.7-1.9, 1.8 times width, 0.7-1.1, 0.9

times length of scape; length of basal sty-

lomere 0.03-0.06, 0.04 mm; length ofapical

stylomere 0.06-0.12, 0.10 mm. Length of

maxillary palp 0.56-0.76, 0.69 mm, 3.7-

8.0, 5.3 times width.

Thorax: Macrosetae: np 3, sa 1-2, 1, pa

1, dc, 2, sc 2. Wing: Length 7.7-9.3, 8.4

mm, 2.6-3.1, 2.9 times width; some spec-

imens with faint, broad, pale brown band

from pterostigma to anterior margin of dis-

cal cell.

Description of female (N = 9).— Similar

to male with following exceptions. Length

(excluding antenna) 12.0-16.2, 13.8 mm.
Head: Depth 1.8-2.2, 2.0 mm. Eyes dark

brown to black. Frons with dark brown pile

lateral to antennal bases; setae dark brown

to black. Length of antenna 0.6-0.7, 0.6

times head depth; length ofscape 0.46-0.64,

0.54 mm, 1.5-2.1, 1.9 times width, 3.3-5.3,

4.3 times length of pedicel; length of pedicel

0.10-0.16, 0.12 mm, 0.6-0.7, 0.6 times

width; length of flagellum 0.36-0.48, 0.43

mm, 1.5-2.0, 1.8 times width, 0.7-1.0, 0.8

times length of scape; length of style 0.09-

0. 1 8, 0. 1 2 mm. Maxillary palp occasionally

clavate; length 0.60-0.80, 0.71 mm, 4.3-

6.7, 5.0 times width.

Thorax: Macrosetae: np 2-4, 3, sa 1-2, 2,

pa 1, dc 1-2, 2, sc 2 (one specimen, 5938,

had a total of 5 scutellar macrosetae). Setae

pale gold overlaying a layer of short black

setae. Wing: Length 8.8-10.7, 9.6 mm, 2.9-

3.3, 3. 1 times width. Legs: Foreleg with coxa

and femur reddish brown; tibia dark yel-

lowish brown, apex reddish brown; tarso-

mere 1 dark yellow brown, apex reddish

brown, tarsomeres 2-5 reddish brown.
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Figs. 31-38. Pallicephala quebecensis (6739, 6753) 3L Male tergite 8, epandrium, cercus, and hypoproct,

dorsal view. 32. Male hypandrium, gonocoxite and gonostylus, dorsal view. 33. Male stemite 8, hypandrium,
gonocoxite and gonostylus, ventral view. 34. Male aedeagus, dorsal view. 35. Male aedeagus, ventral view. 36.

Male aedeagus, lateral view. 37. Female terminalia, dorsal view. 38. Female terminalia, ventral view. Scale =

0.1 mm, unless otherwise indicated.
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Abdomen: Dark brown with grey prui-

nosity in form of lateral triangle on tergites

1-3 and covering dorsal surface of tergites

5-7. Terminalia (Figs. 29, 30); furca (Fig.

30) spherical; posterior and lateral margins

rounded; anterior margin truncate with lat-

eral projection short.

Seasonal activity.— In the specimens ex-

amined, adults were collected from 8 April

until 23 July.

Distribution (Fig. SO).— Pallicephala oc-

cidentalis is a western species ranging from

northern California to southern British Co-

lumbia.

Specimens examined (N = 48) (CAS,

FSCA, INKS, MEI, OregSU, RBCM, SEM,
USNM, UBC, UtahSU, WashSU).-Type
material: The holotype male ofPsilocephala

variegata occidentalis (California Academy
of Sciences, type number 1484; M. E. Irwin

Therevidae Number 5962) was collected at

Corvallis, Oregon on 4 June 1917. The ho-

lotype female of Psilocephala fuscipennis

(California Academy ofSciences, type num-
ber 1487; M. E. Irwin Therevidae Number
5959) was collected at Forks, Washington

on 2 July 1920 by E. P. Van Duzee.

Other material: CANADA: British Co-

lumbia: Robson, 30-V-1960, H. R. Foxlee,

1 F; MacGillvray Creek Game Reserve near

Chilliwack, 14-VII-1953, S. D. Hicks, IF;

15-VI-1953, S. D. Hicks, 3M 3F; W. R. M.
Mason, IM IF; Fort Eraser, Beaumont Park,

2-VI-1987, R. A. Cannings, 8M 2F. UNIT-
ED STATES: CALIFORNIA: Sonoma
County: Healdsburg, 17-IV-1971, T. Gris-

wold, IF. OREGON: Kiger Island, 8-IV-

1930, J. Wilcox, IM; 4-VI-1917, IF; Ben-

ton County: Corvallis, IF; 4-VI-1917, IM;
lO-V-1929, J. Wilcox, IM; Clackamas
County: Mt. Hood, 3-VII-1935, R. H. Bea-

mer, 2F; Timberline, near Government
Camp, Mt. Hood, 22-VII-1937, E. C. Van
Dyke, 1 M; Hood River County: Hood Riv-

er, 14-V-1917, F. R. Cole, IM; 19-V-1917,

IM; 29 km S Hood River, lO-VI-1971, W.
J. Turner, 2M 2F. WASHINGTON: King
County: Auburn, lO-V-1932, J. Wilcox, IM

IF; Enumclaw, 15-VI-1932, J. Wilcox, 1 F;

Renton, 28-IV-1946, M. C. Lane, IF;

Olympic County: Forks, 23-VII-1933, C. H.
Martin, IF; Pierce County: Fort Lewis, 29-

V-1951, R. Schuster, IM IF; Sumner, 17-

VI- 1931, J. Wilcox, IM; Roy, 29-IV-1932,

C. H. Martin, IM IF.

Pallicephala quebecensis Webb and Irwin,

New Species

Derivation of name. —This species is

named for the Province ofQuebec, Canada,
where all known specimens were collected.

Diskgnosis.— Pallicephala quebecensis is

similar to P. flavipilosa, P. occidentalis, and
P. variegata in having a basolateral projec-

tion on the gonostylus and the scape lacking

fine, elongate setae. It is separated from these

species by the prostemum lacking setae me-
dially.

Description of holotype male (6739).—

Length (excluding antenna) 7.8 mm.
Head: Depth 1.4 mm. Ocellar tubercle

dark reddish brown, with grey pruinosity;

ocellar setae dark yellow. Eyes brown; me-
dian margin ofeye sinuate. Frons with dense

silver pile. Antenna dark brown, with grey

pruinosity; setae pale to dark reddish brown
on pedicel and flagellum; dark reddish brown
macrosetae on scape; length of antenna 0.6

times head depth; length of scape 0.26 mm,
1.4 times width, 3.3 times length of pedicel;

length of pedicel 0.08 mm, 0.6 times width;

length of flagellum 0.36 mm, 2.0 times

width, 1.4 times length of scape; length of

basal stylomere 0.02 mm, length of apical

stylomere 0.06 mm. Parafacial with dense

silver pile. Genal setae white. Maxillary palp

dark reddish brown; length 0.44 mm, 3.4

times width; setae white.

Thorax: Macrosetae: np 3, sa 2, pa 1, dc

1, sc 2. Ground color dark reddish brown,

with dense grey pruinosity; setae silver to

pale yellow on mesonotum. Postpronotal

lobe concolorous with thorax; setae white.

Pleuron dark reddish brown, with dense grey

pruinosity; setae white, abundant on pro-

pleuron, over entire anepistemum, scat-
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41

40

42 43 44

45 46

Figs. 39-46. Pallicephala slossonae {5991. 5989) 39. Male tergite 8, epandrium, cercus, and hypoproct, dorsal

view. 40. Male hypandrium, gonocoxite and gonostylus, dorsal view. 4 1 . Male stemite 8, hypandrium, gonocoxite

and gonostylus, ventral view. 42. Male aedeagus, dorsal view. 43. Male aedeagus, ventral view. 44. Male aedeagus,

lateral view. 45. Female terminalia, dorsal view. 46. Female terminalia, ventral view. Scale = 0.1 mm, unless

otherwise indicated.
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tered on anterior half of katepistemum.

Scutellum dark reddish brown, with grey

pruinosity; setae white to pale yellow. Lat-

erotergite dark reddish brown, with dense

grey pruinosity; setae white to pale yellow.

Wing: Length 5.7 mm, 3.0 times width;

opaque, pale white; pterostigma dark brown.

Halter reddish brown, stalk paler. Legs:

Coxae and femora dark reddish brown, with

dense grey pruinosity; apical macrosetae on

coxae pale brown. Tibiae and tarsi dark red-

dish brown.

Abdomen: Dark reddish brown, with

dense grey pruinosity; anteromedian area of

tergites 1-3 less pruinose; setae white to pale

yellow. Terminalia (Figs. 31-36): Epan-

drium quadrate with posterolateral comers

lacking black macrosetae. Pale yellowish

brown setae on parameral process of gon-

ocoxite; pale yellowish brown to black setae

on posterolateral projection. Gonostylus

with basolateral projection.

Male variation (N = 5).— Length (exclud-

ing antenna) 7.5-8.0, 7.8 mm.
Head: Depth 1.4-1.6, 1.5 mm. Length of

antenna 0.5-0.6, 0.5 times head depth;

length of scape 0.24-0.28, 0.26 mm, 1.2-

1.7, 1.4 times width, 2.8-3.3, 3.0 times

length of pedicel; length of pedicel 0.08-

0.10, 0.09 mm, 0.5-0.6, 0.6 times width;

length offlagellum 0.34-0.38, 0.36 mm, 1 .9-

2.1, 2.0 times width, 1.3-1.4, 1.4 times

length of scape; length of basal stylomere

0.02 mm, length of apical stylomere 0.04-

0.08, 0.06 mm. Length of maxillary palp

0.44-0.50, 0.47 mm, 3.4-5.0, 4.3 times

width.

Thorax: Macrosetae: np 3-^, 3, sa 2, pa

l,dc 1, sc2. Wing: Length 5.7-6.3, 6.1 mm,
2.7-3.0, 2.8 times width.

Description of female (N = 10).— Similar

to male with following exceptions. Length

(excluding antenna) 8.4-10.9, 9.5 mm.
Head: Depth 1.3-1.6, 1.4 mm. Eyes with

median margin rounded. Frons with setae

yellow, moderately long. Length of antenna

0.5-0.7, 0.6 times head depth; length of

scape 0.28-0.34, 0.31 mm, 1.3-1.6, 1.5

times width, 2.8^.3, 3.6 times length of

pedicel; length of pedicel 0.08-0.10, 0.09

mm, 0.4-0.6, 0.5 times width; length of fla-

gellum 0.32-0.40, 0.36 mm, 1.7-2.2, 1.9

times width, 1.0-1.3, 1.2 times length of

scape; length of basal stylomere 0.02 mm,
length of apical stylomere 0.04-0.08, 0.6

mm. Length of maxillary palp 0.40-0.56,

0.47 mm, 3.3-5.5, 4.4 times width.

Thorax: Macrosetae: np 3-4, 3, sa 2, pa

1-2, 1, dc 1-2, 1, sc 2. Wing: Length 6.7-

8.0, 7.4 mm, 2.8-3.4, 3.1 times width.

Abdomen: Abdomen dark reddish brown,

covered with dense grey pruinosity. Ter-

minalia (Figs. 37, 38): Furca (Fig. 38) ob-

long; posterior margin rounded; lateral mar-

gins parallel; anterior margin sinuate with

lateral projections rounded.

Seasonal activity.— In the specimens ex-

amined, adults were collected from 2 July

until 5 August.

Distribution (Fig. S2).—Pallicephala que-

becensis is an eastern species collected only

from Great Whale River, Quebec, Canada.

Specimens examined (N = 18).—The ho-

lotype male (Canadian National Collection,

type number 20890; M. E. Irwin Therevidae

Number 6739) was collected at Great Whale
River, Quebec, Canada, on 18-VII-1949 by

J. R. Vockeroth. Paratypes (CNC, INHS).

Four males, 1 5 female, all with locality and

collector information same as holotype: 1

M

IF, 2-VII-1949; 3F, 18-VII-1949; IF, 25-

VII- 1 949; 3M 6F, 27-VII- 1 949; 1 F, 3 1 -VII-

1949; IF, 5-VIII-1949.

Pallicephala slossonae (Coquillett)

Psilocephala slossonae Coquillett (1893:

227): emendation (Irwin and Lyneborg

1981a: 234).

Psilocephala slossoni Coquillett (1893: 227):

incorrect original spelling (Irwin and

Lyneborg 1981a: 234).

IBmchylinga slossonae (Coquillett); Irwin

and Lyneborg (1981a: 234).

Pallicephala slossonae (Coquillett): New
COMBINATION.

Derivation of name.— Species named in

honor of Mrs. Slosson, who collected the

original specimens.
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DisLgnosis.—Pallicephala slossonae is

similar to P. willistoni by having fine, elon-

gate setae ventrally on the scape and black

macrosetae on the posterolateral comers of

the male epandrium. It is distinguished from

P. willistoni by having yellow setae on the

mesonotum, males are smaller and thinner

with dark yellow setae on the parameral

process and posterolateral projections ofthe

gonocoxite, and females with the frontal se-

tae short and scattered.

Description of holotype female (6704).—

Length (excluding antenna) 9.6 mm.
Head: Depth 1.5 mm. Ocellar tubercle

dark reddish brown, with grey pruinosity;

ocellar setae whitish yellow. Eyes reddish

brown; median margin ofeye sinuate. Frons

with dense white pile; setae yellow. Antenna

dark brown, with yellowish grey pruinosity;

setae white, fine, numerous, ventrally on

scape, dark brown on pedicel; dark brown
macrosetae on scape; length of antenna 0.7

times head depth; length of scape 0.52 mm,
1 .9 times width, 5.2 times length of pedicel;

length of pedicel 0. 10 mm, 0.5 times width;

length of flagellum 0.30 mm, 1.7 times

width, 0.5 times length of scape; length of

style 0.12 mm. Parafacial with dense white

pile. Genal setae white. Maxillary palp yel-

low brown, with silver pruinosity; length

0.58 mm, 6.4 times width, setae white.

Thorax: Macrosetae: np 3, sa 2, pa 1, dc

1 , sc 2. Ground color grey brown; setae white

to pale yellow, subappressed. Postpronotal

lobe dark reddish brown, with grey prui-

nosity; setae pale yellow. Pleuron dark red-

dish brown, with dense grey pruinosity; se-

tae white to pale yellow on propleuron,

scattered on anepistemum and katepister-

num. Scutellum dark brown, with grey prui-

nosity; setae pale yellow. Laterotergite dark

brown, with grey pruinosity; setae pale yel-

low. Wing: Length 8.0 mm, 3.2 times width;

opaque, dull white; pale brown markings

bordering apex of cells dc and br, r-m, and

fork of R4+5; pterostigma dark brown. Hal-

ter dark yellow. Legs: Coxae dark reddish

brown, with dense white pruinosity; apical

macrosetae dark brown. Femora dark yel-

low. Tibiae dark yellow, apex reddish brown.

Tarsomeres reddish brown.

Abdomen: Ground color dark brown, with

dense whitish grey pruinosity, separated

medially on tergite 1 , covering posterior two-

thirds and extending to anterolateral cor-

ners of tergites 2-4, entire on tergites 5-7;

dorsal and lateral setae white, setae on ster-

nite 10 short, black, thick, more distinct

than in other species. Terminalia (Figs. 45,

46): Furca (Fig. 46) subquadrate; anterior

margin broadly rounded; lateral margins

sinuate; anterior margin broadly pointed

anteriorly.

Female variation (N = 3).— Length (ex-

cluding antenna) 9.1-10.9, 9.9 mm.
Head: Depth 1.4-1.5, 1.5 mm. Length of

antenna 0.7 times head depth; length of

scape 0.48-0.52, 0.49 mm, 1.7-1.9, 1.8

times width, 4.8-5.2, 5.0 times length of

pedicel; length of pedicel 0.10 mm, 0.5-0.6,

0.5 times width; length of flagellum 0.30

mm, 1.7 times width, 0.5-0.6, 0.6 times

length of scape; length of style 0.08-0.12,

0.10 mm. Length of maxillary palp 0.52-

0.58, 0.54 mm, 5.2-6.4, 5.6 times width.

Thorax: Macrosetae: np 3, sa 2, pa 1, dc

1, sc 2. Wing: Length 7.5-8.0, 7.7 mm, 2.8-

3.2, 3.0 times width.

Description of males (N = 3).— Similar to

female with following exceptions. Length

(excluding antenna) 7.8-9.3, 8.6 mm.
Head: Depth 1.4-1.6, 1.5 mm. Ocellar

tubercle black; setae dark yellow. Eyes black;

median margin of eye angular. Frons with

dense white to yellow pile, becoming dark

reddish brown on dorsal third. Antenna dark

brown; black macrosetae on scape, becom-

ing pale yellow dorsally; black, short setae

dorsally on flagellum; length ofantenna 0.6

times head depth; length ofscape 0.44-0.46,

0.45 mm, 1.6-1.9, 1.8 times width, 4.0^.6,

4.3 times length of pedicel; length of pedicel

0. 1 0-0. 1 1 , 0. 1 mm, 0.6 times width; length

of flagellum 0.24-0.28, 0.27 mm, 1.5-1.8,

1.6 times width, 0.5-0.6, 0.6 times length

of scape; length of style 0.10 mm. Length

of maxillary palp 0.48-0.56, 0.53 mm, 4.5-

6.0, 5.4 times width.
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Thorax: Macrosetae: np 3-4, 3; sa 2; pa

1; dc 2; sc 2. Yellow brown setae on meso-

notum and postpronotal lobe. Scutellar se-

tae dark yellow. Wing: Length 6.7-7.7, 7.2

mm, 2.8-3.0, 2.9 times width. Halter pale

brown. Legs: Fore and middle femora dark

reddish brown; hindfemora pale. Tarsi dark

reddish brown, basal two-thirds of tarso-

mere 1 dark yellow.

Abdomen: Terminalia (Figs. 39^4): Black

macrosetae on posterolateral comers of

epandrium (Fig. 39). Pale yellow setae on

parameral process (specimen 7005 from

Connecticut has a few dark reddish brown
setae) and posterolateral projections on gon-

ocoxite. Gonostylus lacking basolateral pro-

jection.

Seasonal activity.— In the specimens ex-

amined, adults were collected from 1 7 May
until 5 June.

Distribution (Fig. S2).—Pallicephala slos-

sonae is an eastern species, known only from

Connecticut and New Hampshire.

Specimens examined (N = 7) (CIS, INHS,
MCZ, USNM).-Type material: The ho-

lotype female of Psilocephala slossoni Co-

quillett (Museum of Comparative Zoology,

holotype number 623, type number 27050;

M. E. Irwin Therevidae Number 6704) was

collected by Mrs. A. T. Slosson at Franco-

nia. New Hampshire.

Other material: UNITED STATES:
CONNECTICUT: Cromwell County:

Cromwell, 17-V-1939, M. P. Zappe, IM.

NEW HAMPSHIRE: Grafton County:

Franconia, Mrs. A. T. Slosson, IF (holo-

type); collector unknown, 1 F; Coos County:

Zealand Camp, Fabyan, White Mountains,

686 m, 5-VI-1940, J. Hanson, 3M IF.

Pallicephala variegata (Loew)

Psilocephala variegata Loew (1869: 170):

Cole (1923: 60, 1965: 352).

Pallicephala variegata (Loew); Irwin and

Lyneborg (1981a: 208).

Derivation of name.— variegatus (Latin) =

of different sorts, particularly colors.

Diagnosis.— Pallicephala variegata is

similar to P. flavipilosa, P. accidentalls, and

P. westcotti in having a basolateral projec-

tion on the gonostylus and the scape lacking

fine, elongate setae. It is separated from these

species by the characteristics provided in

the key.

Description of holotype male (5967).—

Length (excluding antenna) 12.4 mm.
Head: Depth 2.2 mm. Ocellar tubercle

dark reddish brown, with greyish brown
pruinosity; ocellar setae pale brown. Eyes

reddish brown; median margin of eye an-

gulate. Frons with dense silver pile. Anten-

na (Fig. 47) dark reddish brown, with grey

pruinosity; setae pale yellow brown; macro-

setae on scape dark brown, paler ventrally;

length of antenna 0.5 times head depth;

length of scape 0.44 mm, 1.7 times width,

3.7 times length of pedicel; length of pedicel

0.12 mm, 0.6 times width; length of flagel-

lum 0.48 mm, 2.0 times width, 1.1 times

length of scape; length of style 0.10 mm.
Parafacial with dense white to silver pile.

Genal setae white. Maxillary palp (Fig. 48)

pale brown, length 0.66 mm, 5.5 times

width, setae pale yellow.

Thorax: Macrosetae: np 4 (3), sa 1 , pa 1

,

dc 1 , sc 2. Ground color dark reddish brown,

with grey pruinosity; setae pale yellow.

Postpronotal lobe concolorous with thorax;

setae pale yellow. Pleuron covered with

dense silver grey pruinosity; setae white to

pale yellow, abundant on propleuron and

anepistemum, and white, scattered on kat-

epistemum. Scutellum dark reddish brown,

with grey pruinosity; setae pale yellow, elon-

gate, abundant. Laterotergite dark reddish

brown, with grey pruinosity; setae pale yel-

low. Wing (Fig. 49): Length 9.1 mm, 2.8

times width; opaque white with pale brown

spot at fork of R4+5 and pale brown bor-

dering r-m, apex of discal cell, and base of

CuAi; pterostigma dark brown. Halter dark

brown. Legs: Coxae, femora, and tarsi dark

reddish brown, with grey pruinosity. Tibiae

dark yellow, apex darker.

Abdomen: Dark reddish brown, with

dense white pruinosity; setae white, ap-

pressed. Terminalia (Figs. 50-57): Epan-

drium conical; tapered posteriorly (lateral
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Figs. 47-60. Pallicephala variegata {5967, 5938) 47. Male antenna, lateral view. 48. Male maxillary palp,

lateral view. 49. Male wing, dorsal view. 50. Male tergite 8, epandrium, cercus, and hypoproct, dorsal view. 51.

Male hypandrium, gonocoxite and gonostylus, dorsal view. 52. Male hypandrium, gonocoxite and gonostylus,

ventral view. 53. Male gonocoxite, lateral view. 54. Male gonostylus, dorsal view. 55. Male aedeagus, dorsal
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margins curved medioventrally, almost

contiguous medioventrally, this condition

is highly variable based on an examination

of the epandrium in several males ofP.fla-

vipilosa and P. occidentalis), posterolateral

comers lacking black macrosetae. Pale yel-

lowish brown setae on parameral process

and posterolateral projections of gonocox-

ite. Gonostylus with basolateral projection.

Male variation (N = 10).— Length (ex-

cluding antenna) 8.1-12.4, 9.4 mm.
Head: Depth 1.5-2.2, 1.7 mm. Length of

antenna 0.5-0.6, 0.5 times head depth;

length of scape 0.30-0.44, 0.35 mm, 1.5-

1.8, 1.7 times width, 3.0-4.0, 3.5 times

length of pedicel; length of pedicel 0.08-

0.12, 0.10 mm, 0.5-0.6, 0.6 times width;

length offlagellum 0.32-0.48, 0.37 mm, 1.8-

2.3, 2.0 times width, 0.9-1.2, 1.1 times

length of scape; length of style 0.06-0.10,

0.07 mm. Length of maxillary palp 0.40-

0.66, 0.49 mm, 3.7-5.6, 4.7 times width.

Thorax: Macrosetae: np 2-4, 3, sa 1-2, 2,

pa 1, dc 1-2, 2, sc 2. Wing: Length 6.2-9.1,

6.9 mm, 2.7-3.0, 2.9 times width.

Description of female (N = 10).— Similar

to male with following exceptions. Length

(excluding antenna) 8.8-12.0, 10.8 mm.
Head: Depth 1.4-2.0, 1.6 mm. Ocellar

tubercle with dense grey pruinosity; setae

dark brown. Median margin of eye sinuate.

Frons (Fig. 58) with dense silver grey pile;

setae pale yellow, subappressed, with scat-

tered, elongate, dark brown setae. Length of

antenna 0.5-0.7, 0.6 times head depth;

length of scape 0.32-0.54, 0.40 mm, 1.6-

2.0, 1.8 times width, 3.0-5.2, 3.9 times

length of pedicel; length of pedicel 0.08-

0.12, 0.10 mm, 0.4-0.7, 0.6 times width;

length offlagellum 0.30-0.44, 0.38 mm, 1 .5-

2.2, 1.7 times width, 0.8-1.1, 0.9 times

length of scape; length of style 0.06-0.12,

0.09 mm. Length of maxillary palp 0.42-

0.74, 0.53 mm, 3.7-6.0, 4.8 times width,

setae white.

Thorax: Macrosetae: np 2-3, 2, sa 2-3, 2,

pa 1-2, 1, dc 2, sc 2. Setae on mesonotum
moderately long, subappressed, more whit-

ish silver anteriorly. Postpronotal setae

white to silver. Propleural setae silver grey.

Wing: Length 6.7-9.8, 8.0, 2.9-3.4, 3. 1 times

width. Cell m3 widely opened to closed with

short petiole. Legs: Hindtibiae pale yellow

to dark yellow.

Abdomen: Dark reddish brown, posterior

margins with white pruinosity. Terminalia

(Figs. 59, 60): Furca (Fig. 60) oblong; pos-

terior margin slightly emarginate; lateral

margins sinuate; posterior margin sinuate

with lateral projections short, rounded.

Seasonal activity.— In the specimens ex-

amined, adults were collected from 25 May
until 27 July.

Distribution (Fig. S2).—Pallicephala var-

iegata is an eastern species, ranging from

New Brunswick and Prince Edward Island

to northwestern Indiana and eastern Wis-

consin.

Specimens examined (N = 57) (ANSP,
CAS, CNC, FM, INHS MCZ, MSU, NYSM,
ROM, SEM, USNM, UMich, UWisc,
UtahSU).—Type material: The holotype

male of Psilocephala variegata Loew (Mu-
seum of Comparative Zoology, type num-
ber 10668; M. E. Irwin Therevidae Number
5967) was collected in "Can." [= Canada].

Other Material: CANADA: New Bruns-

wick: Bathurst, 26-VI- 1 94 1 , T. N. Freeman,

1 M. Ontario: Ridgeway, 1 8-VI- 1 9 1 1 , M. C.

Van Duzee, IM 2F; 7-VII-1912, M. C. Van
Duzee, IM 2F; 7-VI-1916, M. C. Van Du-
zee, 1 F; Long Point, Fields, 15-V-1963, D.

Barr, 1 F. Prince Edward Island: Green Ga-
bles, Cavendish Beach, 22-VII-1967, D. M.
Wood, IM IF; Prackley Beach, Canadian

National Park, 21 -VII- 1940, G. S. Walley,

view. 56. Male aedeagus, ventral view. 57. Male aedeagus, lateral view. 58. Female head, frontal view. 59.

Female terminalia, dorsal view. 60. Female terminalia, ventral view. Abbreviation: Posterolateral Projection

(PLP). Scale = 0. 1 mm, unless otherwise indicated.
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62

63

64 65 66

67 68

Figs. 6 1-68. Pallicephala westcotti (5996, 5997) 6 1 . Male tergite 8, epandrium, cercus, and hypoproct, dorsal

view. 62. Male hypandrium, gonocoxite and gonostylus. dorsal view. 63. Male stemite 8, hypandrium, gonocoxite

andgonostylus, ventral view. 64. Male aedeagus, dorsal view. 65. Male aedeagus, ventral view. 66. Male aedeagus,

lateral view. 67. Female terminalia, dorsal view. 68. Female terminalia, ventral view. Scale = 0.1 mm, unless

otherwise indicated.
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IF. UNITED STATES: INDIANA: Elk-

hart County: Miller, 30-V-1934, W. J. Ger-

hard, 2F; Porter County: Indiana Dunes

State Park, Tremont, 29-V-1938, 1. J. Can-

trail, IM 2F. MICHIGAN: Lake Superior,

1 F; Allegan County: Saugatuck, 1 8-V- 1 963,

H. D. Niemczyk, IF; Benzie County: Sleep-

ing Bear Dunes, Platte Plains, 1
1 -VI- 1983,

M. and A. O'Brien, IF; Berrien County:

Warren Dunes State Park near Bridgeman,

12-VI-1965, G. and K. Eickwort, IF; T58,

R20W, Sec. 29, lO-V-1968, E. J. Kochen-

derfer, 1M 1 F; Cheboygan County: Douglas

Lake, 23-VII-1928, IM; 27-VI-1928, C.

Martin, IM; Duncan Bay, 27-VI-1957, R.

'i. Beer, IF; 6-VII-1957, R. E. Beer, IM IF;

28-VI-1957, W. J. Hanson, 2F; Nigger

Creek, 27-VI-1957, W. J. Hanson, IF;

Chippewa County: Whitefish Point, 26-VII-

1914, A. W. Andrews, IF; 27-VII-1914, A.

W. Andrews, 1 M; Emmet County: Sturgeon

Bay, 9-VII-1955, W. J. Hanson, 1 F; Cecil

Bay, 13-VII-1955, W. J. Hanson, IF; Iosco

County: State Game Refuge, 26-V-1934, F.

M. Gaige, IM 2F; Mackinaw County: 7-VI-

1960, R. & K. Dreisbach, IF; Brevort, 22-

VI- 1956, H. D. Niemczyk, IF; Epoufette,

22-VI-1956, H. D. Niemczyk, IM 2F; Ma-
son County: 25-V-1941, R. R. Dreisbach,

IM IF, 7-VII-1951, R. R. Dreisbach, IM
IF; Muskegon County: Muskegon State

Park, 18-VI-1950, E. B. Hayden, 3F;

Schoolcraft County: Manistique, 6-VI-1929,

W. W. Newcomb, IM. NEW YORK: Jef-

ferson County: shore of Lake Ontario near

Pulaski, 3-VI-1914, IF; Oswego County:

Oswego, 16-VI-1896, IF. WISCONSIN:
Door County: V-1954, L. R. Stelzer, IF.

Pallicephala westcotti Webb and Irwin,

New Species

Derivation of name. —This species is

named in honor of R. L. Westcott, Oregon

Department of Agriculture, who collected

all of the specimens.

Diagnosis.— Pallicephala westcotti'is sim-

ilar to P. flavipilosa, P. occidentalis, and P.

variegata in having a basolateral projection

on the gonostylus and the scape lacking fine,

elongate setae. It is separated from these

species by the characteristics provided in

the key.

Description of holotype male (5995).—

Length (excluding antenna) 7. 1 mm.
Head: Depth 1.3 mm. Ocellar tubercle

black, with grey pruinosity; ocellar setae

black. Eyes black; median margin of eye

sinuate. Frons with dense white pile. An-
tenna with scape and pedicel black, flagel-

lum and style dark brown, with grey prui-

nosity; setae black; macrosetae on scape

black; length of antenna 0.5 times head

depth; length of scape 0.28 mm, 1.6 times

width, 3.5 times length of pedicel; length of

pedicel 0.08 mm, 0.6 times width; length of

flagellum 0.26 mm, 1.9 times width, 0.9

times length of scape; length of basal sty-

lomere 0.02 mm, length of apical stylomere

0.06 mm. Parafacial with dense silver pile.

Genal setae silver. Maxillary palp dark

brown; length 0.38 mm, 3.8 times width;

setae silver to pale yellow.

Thorax: Macrosetae: np 3, sa 2, pa 1, dc

2, sc 1 . Ground color black, with dark grey-

ish brown pruinosity; setae silver to pale

yellow. Postpronotal lobe concolorous with

thorax; setae silver to pale yellow. Pleuron

ground color black, with grey pruinosity;

setae silver to pale yellow, abundant on pro-

pleuron, over entire anepistemum, scat-

tered on katepistemum. Scutellum black,

with grey pruinosity; setae pale yellow. Lat-

erotergite dark reddish brown to black, with

dense grey pruinosity; setae pale yellow.

Wing: Length 5.2 mm, 3.1 times width;

opaque, pale white; pterostigma pale brown,

diffuse. Halter stalk brown, dark brown ca-

pitulum. Legs: Coxae dark reddish brown,

with dense grey pruinosity; apical macro-

setae reddish brown to black on fore and

middle coxae, black on hindcoxa. Femora
dark reddish brown, with grey pruinosity.

Tibiae dark reddish brown, basal half of

middletibia and basal two-thirds of hind-

tibia dark yellowish brown. Tarsi dark red-

dish brown.



892 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

Figs. 69-79. Pallicephala willistoni {5938, 5911) 69. Male antenna, lateral view. 70. Male tergite 8, epan-

drium, cercus, and hypoproct, dorsal view. 71. Male hypandrium, gonocoxite and gonostylus, dorsal view. 72.

Male stemite 8, hypandrium, gonocoxite and gonostylus, ventral view. 73. Male gonostylus, dorsal view. 74.

Male aedeagus, dorsal view. 75. Male aedeagus, ventral view. 76. Male aedeagus, lateral view. 77. Female head,

frontal view. 78. Female terminalia, dorsal view. 79. Female terminalia, ventral view. Scale = 0.1 mm, unless

otherwise indicated.
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Abdomen: Dark reddish brown, with grey

pruinosity in form of lateral triangle on ter-

gites 1-6. Terminalia (Figs. 61-66): Black;

setae silver. Epandrium quadrate; postero-

lateral comers lacking black macrosetae.

Pale yellowish brown setae on parameral

process ofgonocoxite; pale yellowish brown
and black setae on posterolateral projection.

Gonostylus with basolateral projection.

Male variation (N = 2).— Length (exclud-

ing antenna) 7.1-7.3, 7.2 mm.
Head: Depth 1.3-1.5, 1.4 mm. Length of

antenna 0.5 times head depth; length of

scape 0.28-0.32, 0.30 mm, 1.5-1.6, 1.6

times width, 3.2-3.5, 3.4 times length of

pedicel; length of pedicel 0.08-0.10, 0.09

mm, 0.6 times width; length of flagellum

0.26-0.30, 0.28 mm, 1.9 times width, 0.9

times length of scape; length of basal sty-

lomere 0.02 mm, length of apical stylomere

0.06 mm. Length of maxillary palp 0.38-

0.44, 0.41 mm, 3.8^.4, 4.1 times width.

Thorax: Macrosetae: np 3, sa 2, pa 1, dc

1-2, sc 1. Wing: Length 5.2-5.7, 5.5 mm,
3.1-3.2, 3.2 times width.

Description of female (N = 1).— Similar

to male with following exceptions. Length

(excluding antenna) 10.2 mm.
Head: Depth 1.4 mm. Eyes with median

margin rounded. Frons dark reddish brown
to black with dense pale yellow pile dorsal

and lateral to antennal bases; setae black

and pale brown, moderately long. Length of

antenna 0.6 times head depth; length of

scape 0.36 mm, 1.6 times width, 3.6 times

length ofpedicel; length ofpedicel 0. 10 mm,
0.6 times width; length of flagellum 0.28

mm, 1.5 times width, 0.8 times length of

scape; length of style 0.7 mm. Length of

maxillary palp 0.44 mm, 3.7 times width;

setae pale yellow.

Thorax: Macrosetae: np 3, sa 2, pa 1, dc

2, sc 1 . Ground color dark reddish brown
to black, with grey pruinosity. Wing: Length

6.8 mm, 3.1 times width; opaque, pale yel-

lowish brown. Legs: Coxae with apical mac-

rosetae black. Tibiae dark yellow, apex red-

dish brown. Tarsi dark reddish brown, basal

half of middle and hind tarsomere 1 dark

yellow.

Abdomen: Dark reddish brown; setae sil-

ver to pale yellow on tergites 1-3, black,

erect on tergites 4-9. Terminalia (Figs. 67,

68): Furca (Fig. 68) oblong; posterior mar-

gin rounded; lateral margins tapered ante-

riorly; anterior margin truncate with lateral

projections short, rounded.

Seasonal activity.— In the specimens ex-

amined, adults were collected on 1 9 August.

Distribution (Fig. SO). — Pallicephala

westcotti is a western species collected only

from Waldport, Oregon.

Type material (N = 3).—The holotype

male (Illinois Natural History Survey; M.
E. Irwin Therevidae Number 5995) was col-

lected on a small coastal dune away from

the beach at Waldport, Oregon, on 1 9 Au-

gust 1969 by R. L. Westcott. Paratypes

(INHS, Oregon Department of Agriculture)

1 M, IF, same collection information as ho-

lotype.

Pallicephala willistoni (Cole)

Thereva crassicornis Williston (1886: 293).

Preoccupied Bellardi (1861: 88).

Dialineura willistoni Cole (1965: 352), new
name for crassicornis Williston.

Pallicephala willistoni (Cole); Irwin and

Lyneborg (1981a: 208).

Derivation of name.— Cole renamed this

species in honor of S. W. Williston.

Diagnosis.— Pallicephala willistoni is the

largest species in this genus. It is similar to

P. slossonae by having fine, elongate setae

ventrally on the scape and black macrosetae

on the posterolateral comers of the male

epandrium. It is distinguished from P. slos-

sonae in having elongate, black and white

scutal setae and black macrosetae on the

parameral process and posterolateral pro-

jections on the gonocoxite, and females

having a dense mediolateral patch of frontal

setae.

Description of lectotype male (5958).—

Length (excluding antenna) 14.2 mm.
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Head: Depth 2.3 mm. Ocellar tubercle

dark reddish brown, with dense grey prui-

nosity; ocellar setae dark brown. Eyes pale

brown; quadrate; median margin of eye

rounded. Frons dark reddish brown with

dense silver pile around base of antennae.

Antenna (Fig. 69) dark brown, with grey

pruinosity; setae on scape white, fine, abun-

dant ventrally; setae on pedicel and flagel-

lum dark brown to black; macrosetae on

scape dark brown to black; length of anten-

na 0.7 times head depth; length of scape

0.98 mm, 2.3 times width, 5.4 times length

of pedicel; length of pedicel 0.18 mm, 0.8

times width; length of flagellum 0.38 mm,
1.5 times width, 0.4 times length of scape;

length of style 0.16 mm. Parafacial with

dense silver pile. Genal setae white. Max-
illary palp dark brown; length 0.88 mm, 6.3

times width; setae white with scattered dark

brown setae ventrally. Labellum dark red-

dish brown, pruinosity grey; setae pale yel-

low.

Thorax: Macrosetae: np 5, sa 2, pa 1, dc

2, sc 2. Ground color greyish brown; setae

fine, a mixture of black and white; vittae

appear as darker areas but not distinct. Post-

pronotal lobe concolorous with thorax; a

mixture of fine black and white setae. Pleu-

ron black, pruinosity dense silver grey; pleu-

ral setae white, abundant on propleuron,

anepistemum, and katepistemum. Scutel-

lum black, pruinosity greyish black; setae

white. Laterotergite black with greyish

black pruinosity; setae white. Wing: Length

1 1.0 mm, 3.0 times width. Membrane pale

whitish brown, generally lacking brown

markings. Pterostigma dark brown. Halter

dark brown, stalk paler. Legs: Coxae and

femora dark reddish brown, pruinosity

whitish grey. Tibiae dark yellow, apex dark

reddish brown. Tarsomere 1 brown, tarso-

meres 2-5 dark reddish brown.

Abdomen: Black in ground color, with

dense, silver grey pruinosity, concolorous;

setae white. Terminalia (Figs. 70-76): Epan-

drium with posterolateral comers bearing

several black macrosetae. Setae on para-

meral process and posterolateral projec-

tions on gonocoxite black. Gonostylus lack-

ing basolateral projection.

Male variation (N = 10).— Length (ex-

cluding antenna) 9.6-14.2, 1 1.6 mm.
Head: Depth 1.5-2.3, 1.7 mm. Length of

antenna 0.7-0.8, 0.8 times head depth;

length of scape 0.62-0.98, 0.71 mm, 1.9-

2.3, 2.1 times width, 5.2-7.0, 5.7 times

length of pedicel; length of pedicel 0.10-

0.18, 0.12 mm, 0.6-0.8, 0.7 times width;

length offlagellum 0.32-0.39, 0.36 mm, 1.5-

2.4, 2.1 times width, 0.4-0.6, 0.5 times

length of scape; length of stylomere 0.09-

0.16, 0.12 mm. Length of maxillary palp

0.64-0.88, 0.75 mm, 4.6-7.8, 6.0 times

width.

Thorax: Macrosetae: np 4-5, 4, sa 2, pa

1, dc 1-2, 2, sc 2. Wing: Length 8.4-11.0,

9.4 mm, 2.7-3.3, 3.0 times width.

Description of female (N = 10).— Similar

to male with following exceptions. Length

(excluding antenna) 10.9-13.6, 11.8 mm.
Head depth 1.4-1.8, 1.6 mm. Median mar-

gin of eye sinuate. Frons (Fig. 77) dark red-

dish brown, with dense, silver pruinosity;

setae dark reddish brown, distinctly more
abundant ventrolaterally. Length of anten-

na 0.7-0.9, 0.8 times head depth; length of

scape 0.60-0.74, 0.67 mm, 1.8-2.7, 2.1

times width, 5.3-7.4, 6.3 times length of

pedicel; length of pedicel 0.10-0.12, 0.11

mm, 0.6-0.8, 0.6 times width, length of fla-

gellum 0.22-0.40, 0.35 mm, 1.1-2.2, 1.8

times width, 0.3-0.6, 0.5 times length of

scape; length of stylomere 0.08-0.12, 0.11

mm. Length of maxillary palp 0.50-0.96,

0.76 mm, 4.0-6.9, 5.4 times width.

Thorax: Macrosetae: np 3-6, 4-5, sa 2-

3, 2, pa 1, dc 1-3, 2, sc 2. Wing: Length

8.2-11.4, 10.1 mm, 2.8-3.2, 3.0 times width;

wing markings as in P. variegata, more dis-

cemable than in male.

Abdomen: Terminalia (Figs. 78, 79): Fur-

ca (Fig. 79) oblong; posterior margin trun-

cate; lateral margin constricted medially;

anterior margin broadly pointed anteriorly.

Seasonal activity.— In the specimens ex-

amined, adults were collected from 2 March
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Fig. 80. Distribution of Pallicephala occidentalis (solid circles), P. flavipilosa (open circles), and P. westcotti

(solid triangle).

Fig. 8 1 . Distribution of Pallicephala willistoni (solid circles).

Fig. 82. Distribution of Pallicephala variegata (solid circles), P. slossonae (open circles), and P. quebecensis

(solid triangle).

until 17 August, with the majority of spec-

imens taken in April, May, and June.

Distribution (Fig. S\).— Pallicephala wil-

listoni is a western species ranging from Cal-

ifornia to southern British Columbia.

Specimens examined (N = 171) (ANSP,
CAS, CIS, CNC, ColoSU, CU, FSCA, INHS,
MEI, MCZ, OregDA, PU, RBCM, USNM,
UCB, Ulda, WashSU).-Type material: A
single syntype of Thereva crassicornis Wil-

liston is in the Snow Entomological Muse-
um, University of Kansas (M. E. Irwin

Therevidae Number 5958). This male,

herein designated the lectotype, was col-

lected in California by Baron Osten Sacken.

The syntype female could not be located.

Other material: CANADA: British Co-
lumbia: Duncan 8-VI-1923, W. B. Ander-

son, IM 2F; Agassiz, 12-V-1920, 2M.
UNITED STATES: CALIFORNIA: Lec-

totype collected by Baron Osten Sacken, 1 M;
Alameda County: Valle Vista, Oakland, 2 1

-

IV- 1 9 1 8, 1M 1 F; Humboldt County: 3.2 km
W Briceland, 2 1 -V- 1976, R. Dietz & J. Haf-

emik, IM; Van Duzen River, 21 -IV- 1936,

B. P. Bliven, 3M IF; 18-IV-1937, B. P. Bli-

ven, 6M 3F; Lake County: North fork of

Cache Creek and Highway 20, 17-V-1981,

T. Bolton, IM; Middletown, 19-IV-1959,

E. I. Schlinger, IM, 19-IV-1954, E. I.

Schlinger; IF; V-1908, J. P. Baumberger,

IF; Marin County: Taylor State Park, 20-

IV- 1947, E. L. Kessel, 4M 4F; Lagunistas

Creek, 15-IV-, O. Sacken, 2F; Mendocino

County: 12.9 km W Navarro, 31-V-1967,

W. W. Middlekauf& D. C. Rentz, IM; 3.2

km S Hopland, 152 m, 31 -III- 1963, C. W.
O'Brien, IM; NCCRP, 4 km N Branscomb,

426 m, 12-14-V-1978, R.J. Dare, lM;Napa
County: Davis, 20-IV-1951, H. F. Robin-

son, IM; Monticello, 16-IV-1952, E. I.

Schlinger, 3M; R. M. Bohart, IM; Plumas

County: Feather River at Blairsden, 21-V-

1982, J. A. De Benedictis, IM; J. Powell,
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IM; San Luis Obispo County: Pismo 20-

IV- 19 19, E. P. Van Duzee, IM; Santa Cla-

ra: Boulder Creek, 22-III-, IM; Stanford

University, 27-IV-1929, F. R. Cole, IM;

lO-V-1920, F. R. Cole, IM; 5-V-1920, IM;

1 2-V- 1 92 1 , 1 F; 30-1V- 1 920, F. R. Cole, 1M
IF; Santa Cruz County: Fclton, 23-IV-1949,

W. E. Hazeltine, IM; Sonoma County: So-

noma, 29-IV-1950, H. B. Leech, IM; 2-1 V-

1961, D. Q. Cavagnaro, 2M; 3.2 km N
Cloverdale, 2-1II- 1 963, C. W. O'Brien, 1 M;
Mesa Grande (see Villa Grande), V-1908,

J. P. Baumberger, IM; Hacienda (see For-

restville), 20-V- 1 96 1 , C. Slobodchikoff, 1 M;
9 km SE Gualala intersection, Wheatfield,

South Fork Gualala River, 9-IV-1967, L.

D. Anderson, 1M 1 F; Trinity County: Hay-

fork, 701 m, 22-V-1973, J. A. Chemsak,

IM; Hayfork ranger station, 23-V-1973, J.

Powell, IM 2F; Morgan Gulch, 1.6 km E

Hayfork, 22-V-1973, J. Powell, 6M; 6.4 km
S Hayfork, 19-V-1973, M. Bentzien, IM
IF; Tuolumne County: Pinecrest, 17-VIII-

1 948, P. H. Arnaud, 1 F; Yolo County: Putah

Canyon, 2-IV- 1 954, R. C. Bechtel, 1 F. OR-
EGON: Benton County: Corvallis, 21-VI-

1936, R. E. Rieder, IM; 27-V-1930, R. E.

Dimick, IM; 19-IV-1930, J. Wilcox, IF; 4.8

km SW Corvallis, vicinity of Mary's River,

l-V-1956, F. F. Hasbrouck, IM; Columbia

County: Vemonia, 9-V-1936, K. Gray and

J. Schuh, 8M; Hood River County: Parkdale,

1 -VII- 1 938, K. Grey & J. Schuh, 1 M; Hood
River, 19-V-1917, F. R. Cole, IM; 2-VI-

1917, F. R. Cole, 2M; 24-VI-1917, F. R.

Cole, IM IF; 22-VI-1917, F. R. Cole, IM;
2-VI- 1917, F. R. Cole, 2F; 5-VI-1917, F.

R. Cole, 2F; lO-V-1917, F. R. Cole, IF;

6-VI-1917, F. R. Cole, IF; 15-V-1917, F.

R. Cole, IM; H. K. Morrison, IF; Mt. Hood,
H. K. Morrison, IF; 2-V1-1917, F. R. Cole,

IM; Josephine County: Lake Selmac, 2-V-

1969, R. L. Westcott, IM; Lincoln County:

Tidewater, 2 1 -VI- 1 939, T. Aitken, 1 M; Drift

Creek, 25-IV-1926, J. E. Davis, 3M; Polk

County: Canby, 2-V-1968, K. Goeden, IF,

on pine. WASHINGTON: West Washing-

ton Territory, H. K. Morrison, IM; 5-V-,

1 M; no locality, no date, Kincaid, 3M; Clal-

lam County: Forks, 2-VII-1920, E. P. Van
Duzee, 12M 2F; King County: Enumclaw,
14.VI-1932, W. W. Baker, IF; 16-VI-1933,

W. W. Baker, IM IF; 15-VI-1932, J. Wil-

cox, IM; North Bend, 13-V-1936, IF; Se-

attle, 25-IV-1915, IM; Jefferson County:

Doscwal River, 5-1V-1962, 2M; Mason
County: Skokomish River, 3-V-1892, 2M
Pacific County: Nahcotta, 20-VI-1955, IM
4-V-1953, T. Kincaid, IM; 2-V-1953, T
Kincaid, 1 M, 6-V- 1 953, T. Kincaid, 1 M 2F
Pierce County: Sumner, 5-V-1929, F. J

Spruijt, 2M; 3-VI-1933, C. H. Martin, 2F
Puyallup, IV- 1948, J. Schuh, IM, on rasp-

berry; Fort Lewis, 29-V-1951, R. Schuster,

IM; Orting, 14-V1-1948, G. S. Batchelor,

IM; Skagit County: Mt. Vernon, 3-VII-

1924, A. L. Melander, IF; Whatcom Coun-

ty: Nooksack River at Demming, 14-V-

1968, D. Digemess, IM.
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(DIPTERA: THEREVIDAE: THEREVINAE)
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Abstract.—The species of the genus Nebritus Coquillett are revised. Nebritus powelli

new species from coastal California is described. A key to the species is provided along

with descriptions and distributions of the three species in this genus.

Key Words: Diptera, stiletto flies, Therevidae, Nebritus, Nearctic revision, species keys,

descriptions, distributions

A monograph of the Nearctic genera of

Therevidae (Irwin and Lyneborg 1 98 la) de-

scribed several new taxa and redescribed

others. This paper is the third in a series

(Webb and Irwin 1988, 1991) revising

the species of the genera treated in that

monograph. The Nearctic genus Nebritus

Coquillett (1894: 98) has as its type species

by original designation N. pellucidus Co-

quillett. At present, two species have been

described and attributed to Nebritus (Irwin

and Lyneborg 198 la). A third species is de-

scribed in this paper.

The morphological terminology used for

the male terminalia was originally defined

and described by Lyneborg (1968) and sub-

sequently modified by Lyneborg (1972,

1976, 1978) and Irwin (1977a, b); that for

the female terminalia was defined and de-

scribed by Irwin (1976); that for the larva

and pupa follows Irwin (1972, 1973). Other

morphological features are described in ter-

minology set out in the "Manual ofNearctic

Diptera" (McAlpine 1981). The range for

each setal count is followed by the mode
(setal counts are taken from the left side of

the specimen and, if the setal count is fol-

lowed by a count in parentheses, it indicates

a difference in counts between the left and
right sides of the same specimen).

Each specimen was assigned a unique

THEREVIDAE/M. E. IRWIN/SPECI-
MEN number. This number has been used

to associate ecological and label data with

a given specimen and when referred to,

herein, is printed in italics. The data are to

be incorporated into an automated data

management system originally designed by

Ranch (1970). To conserve space and in-

clude as much information as possible about

each specimen, a format adopted from Ir-

win (1983) is used in the "Specimens Ex-

amined" section of each species. Many of

the terms used there are defined by Stuck-

enberg and Irwin (1973). In the presentation

of locality data, a semicolon terminates one

series of specimens and signals the begin-

ning of the next. Data not repeated in a

series are the same as those of preceding

series.

Specimens have been deposited in the fol-

lowing museums and collections: American

Museum of Natural History (AMNH); Ar-

izona State University (ASUT); Brigham

Young University (BYU); California Acad-

emy ofSciences (CAS); Illinois Natural His-

tory Survey (INHS); Los Angeles County

Museum (LACM); Michael E. Irwin Col-

lection (MEI); Oregon State University

(OSUC); United States National Museum
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(USNM); University of California, Berke-

ley/California Insect Survey Collection

(UCB/CIS); University of California, Davis

(UCD); University of California, Riverside

(UCR); University of Minnesota (UMSP);
University ofWisconsin (UWM); Utah State

University (USUL).

Nebritus may be separated from other Ne-

arctic therevids by using the keys to the gen-

era of Nearctic Therevidae in Irwin and

Lyneborg (1981a, b).

Nebritus Coquillett

Nebritus Coquillett (1894: 98). Type spe-

cies: Nebritus pellucidus Coquillett (1894:

98) by original designation.

Zionea Hardy (1938: 144). Type species:

Zionea tanneri Hardy (1938: 144) by

original monotypy. Synonymized by Ir-

win and Lyneborg (1981a: 249).

Derivation of ns^m^.— nebrites (Greek,

feminine) = like a fawnskin.

Diagnosis.—The genus Nebritus Coquil-

lett is associated with the genera Dialineura

Rondani and Pallicephala Irwin and Lyne-

borg by possessing fine setae on the poste-

rior surface of the middle coxae, by having

the prostemum with fine setae in and around

its central depression (exception P. quebec-

ensis), and with the scape being wider than

the width of the first flagellomere. It is sep-

arated from these two genera in not having

the posterolateral comers of the epandrium

strongly projecting nor the epandrium ex-

tending to or beyond the apex of the cerci

or hypoproct. At this time, no definitive

sister-group relationship is proposed for

Nebritus with any other therevid genus.

Small- to medium-sized, robust flies.

Males more slender and smaller than fe-

males.

Description.— Head (Fig. 1): Eyes di-

choptic in both sexes, facets equal; antenna

(Figs. 2, 14, 30), length 1.0-1.4 times head

length; scape variable; pedicle ovate; fla-

gellum awl-shaped, tapered apically; style

subapical, one-segmented; terminal spine

short; frons broad, lateral margins converge

dorsally; frontal calli prominent; parafacial

broad, tentorial pit large, distinct, glossy;

clypeus concave; maxillary palp one-seg-

mented (Fig. 3), cylindrical, apex rounded;

setae scattered over entire frons, abundant

on gena and maxillary palp, absent on eyes,

parafacial, and clypeus.

Thorax: Macrosetae: np 2-4, sa 1-3, pa

1, dc 1-2, sc 2. Setae on scutum variable;

prostemal setae white; setae abundant on

propleuron, scattered over entire anepister-

num and katepistemum, absent on remain-

ing pleural sclerites. Wing (Fig. 4): Hyaline

to pale smoky brown; veins brown; ptero-

stigma indistinct to pale brown; setulae ab-

sent; length of R4 0.9-1.0 times length of

R5; cell r4 large; length of cell r^ 2.5-3.1

times width; veins M,, Mj, and M3 originate

separately from apical margin of discal cell;

cell mj widely open; discal cell acute basally;

5 posterior cells; cell cup closed with short

petiole; m-cu/r-m subequal. Legs: Coxae

moderately long; setae elongate, scattered

on anterior and posterior surfaces of coxae;

forecoxa with 2-3 black, apical macrosetae.

Abdomen: Slender to moderately broad,

gradually tapering from segment 3 onward;

male dorsum silvery gray pruinose; female

dorsum extensively gray pruinose, some
species with a distinct, dark, glossy, anterior

band on various tergites. Male terminalia

(Figs. 5-10, 15-20, 31-36): Tergite 8 sub-

rectangular to bilobed (Figs. 5, 15,31), often

strongly constricted medially; stemite 8

(Figs. 7, 17, 33) rectangular to bilobed,

moderately reduced; epandrium (Figs. 5, 15,

31) shorter medially than wide, its postero-

lateral comers infolded; cerci rather large,

free, well sclerotized, generally not extend-

ing beyond apex of hypoproct; hypoproct

large, extending nearly to" anterior margin

of epandrium with a membranous attach-

ment to anterior margin of dorsal apodeme
ofaedeagus; hypoproct as a whole well scler-

otized, occasionally keel-shaped apically

below cerci; parameral apodeme (Figs. 6,

16, 32) not attached to aedeagus; distiphal-
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lus (Figs. 8-10, 18-20, 34-36) rather long

compared to rest of aedeagus, downcurved;

dorsal apodeme broad, anterior margin

deeply emarginate; ventral apodemes small,

not bifurcated medially; ejaculatory apo-

deme variable; ventral lobes of gonocoxites

large, spoon shaped, directed obliquely up-

ward, with distinct attachment to ventral

surface ofaedeagus; parameral process (Figs.

6, 7, 16, 17, 32, 33) long and slender; gon-

ocoxites (Figs. 7, 17, 33) not united ven-

trally except by a membrane; gonocoxite in

lateral view broadly rounded posteriorly;

hypandrium (Figs. 6, 7, 16, 17, 32, 33) broad

throughout, united with anterior margin of

gonocoxites for a rather long distance. Fe-

male terminalia (Figs. 11, 12, 21, 22, 37,

38): Tergite 8 subrectangular, generally lon-

ger than wide, posterior margin slightly

emarginate. Tergite 9+10 fused, with strong

acanthophorite setae. Cercus subtriangular,

membranous with numerous, fine, moder-
ately long setae. Stemite 8 large; longer than

wide; posterior margin with narrow, me-
dian incision. Stemite 9 greatly modified,

invaginated above stemite 8 to form inter-

nal furca which is closed anteriorly. Stemite

10 membranous; subtriangular; setae short,

thick.

Immature stages.— Not previously de-

scribed. Here described for Nebrituspowelli.

Biology.— Adults ofNebritus are found in

montane habitats and coastal sand dunes.

They have been collected from 10 January

to 27 July on coastal dunes, on wet sand,

and along sandy creek bottoms; on Pinus

monophylla Torr. and Frem. in Frem., Salix

sp., and Adenostoma sp.; and in Malaise

traps. Larvae have been collected in coastal

sand dunes.

Distribution (Figs. '}>9-A\).— Nebhtus is a

Nearctic genus ranging from Baja Califomia

Norte to northem Califomia and eastward

to westem Nevada and southwestern Utah.

Key to Species of Nebritus

1 . Scape enlarged (Figs. 1 , 2), swollen basally, dis-

tinctly wider than width of flagellum, dark yel-

low ventrally, dark reddish brown dorsally,

glossy pellucidus Coquillett

- Scape cylindrical, elongate (Figs. 14, 30), dark

brown, gray pruinose 2

2. Thorax with broad median longitudinal band

of white setae; scutellum with lateral patch of

white setae . . powelli Webb and Irwin, new species

- Median area of thorax with scattered dark red-

dish brown setae; scutellum with lateral patch

of gold setae tanneri (Hardy)

Nebritus pellucidus Coquillett

Nebritus pellucidus Coquillett (1894: 98);

Cole (1923: 18, 1965: 349); Irwin and

Lyneborg (1981a: 249). Type locality:

southern Califomia.

Derivation of name.—pellucidus (Latin) =

clear, transparent.

Diagnosis.— Nebritus pellucidus can be

readily distinguished from A'^. powelli and
A^. tanneri in that the males and females

have large, glossy, and basally expanded

scapes, the ventral half ofwhich is dark yel-

low and the dorsal half reddish brown; the

length of the scape is greater than 0.8 mm;
the length/width ratio of the scape is less

than 3.5; the ventral half of the frons en-

larged to form a distinctive expanded lobe;

and the scutellum is dark reddish brown,

subshiny, with a lateral longitudinal polli-

nose band.

Description of lectotype male (7041).—

Body length 7.0 mm.
Head (Fig. 1): Length 1.3 mm. Ocellar

tubercle dark reddish brown, glossy; ocellar

setae black, elongate, scattered. Eyes red-

dish brown; median margin of eyes sinuate.

Frons broad, ventral half expanded antero-

laterally to form large lobe; pollinose on

dorsal two-thirds, ventral third dark red-

dish brown, glossy; setae dark reddish

brown. Antenna (Fig. 2) elongate, scape

glossy, dark yellow ventrally, dark reddish

brown dorsally, pedicel and flagellum dark

reddish brown; moderately thick, black se-

tae on scape, pedicel, and scattered basally

on flagellum; macrosetae dark reddish

brown, scattered on scape; length ofantenna

1.3 times head length; scape large, expanded
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basally, tapered apically, length 0.94 mm,
2.9 times width, 6.7 times length of pedicel;

length of pedicel 0. 14 mm, 0.9 times width;

length of flagellum 0.64 mm, 4.0 times

width, 0.7 times length of scape; style sub-

apical in lateral cavity, length 0.10 mm.
Parafacial pollinose with median and ten-

torial pit areas dark reddish brown, glossy.

Genal setae white. Maxillary palp (Fig. 3)

pale yellow; length 0.44 mm, 6.7 times

width; setae pale yellow. Postocular setae

dark gold, elongate, lanceolate with scat-

tered black macrosetae.

Thorax: Macrosetae: np 4, sa 2, pa 1 , dc

1, sc 2. Black, gray pruinose; setae black,

fine, scattered with dark gold lanceolate se-

tae on acrostichal line, laterally, and across

anterior margin of scutum; vittae black,

dorsocentral and dorsolateral vittae sepa-

rated by pale gold stripe. Postpronotal lobe

dark reddish brown, gray pruinose; setae

dark gold, lanceolate. Prostemal setae white.

Pleuron dark reddish brown, dense gray

pruinose; setae white, elongate, abundant

on propleuron, scattered over entire anepi-

stemum and katepistemum. Scutellum dark

reddish brown, subshiny with broad, lateral,

longitudinal pollinose band; setae dark gold,

lanceolate, clustered laterally. Laterotergite

dark reddish brown, whitish gray pruinose;

setae white. Wing (Fig. 4): Length 5.8 mm,
3.9 times width; hyaline; pterostigma pale

yellowish brown. Halter pale yellowish

brown. Legs: Coxae dark reddish brown,

dense whitish gray pruinose, apical macro-

setae dark reddish brown. Femora dark yel-

low, glossy; setae on fore and middle femur

dark reddish brown, elongate, scattered,

mixed dorsally with white, elongate setae

and scattered, white, short, appressed, scale-

like setae; hind femur with short, dark red-

dish brown setae mixed dorsally with white,

short, appressed, scale-like setae. Tibiae dark

yellow, subshiny, apex reddish brown. Tarsi

dark reddish brown, basal two-thirds of tar-

somere 1 dark yellowish brown.

Abdomen: Dark reddish brown, dense gray

pruinose; dorsal setae pale yellowish gold;

lateral setae pale yellow, becoming dark red-

dish brown on posterior tergites. Termina-

lia: Dark yellowish orange, glossy (Figs. 5-

10). Tergite 8 bilobed, deeply constricted

medially. Stemite 8 reduced, subquadrate.

Gonocoxite in ventral view without pos-

teromedian patch of black setae. Dorsal

apodeme of aedeagus with large antero-

medial emargination. Ejaculatory apodeme
broadly expanded anteriorly.

Variation: Body measurements given in

Table 1. Thorax: Macrosetae: np 3-4, 3, sa

2, pa 1, dc 1, sc 2.

Description of female.— Similar to male

with following exceptions. Body measure-

ments given in Table 1

.

Head: Median margin of eye sinuate.

Thorax: Macrosetae: np 3, sa 1-2, 2, pa 1,

dc 1-2, 1 sc 2. Gold setae across anterior

margin ofmesonotum. Legs: Tibiae and tar-

si dark reddish brown. Terminalia (Figs. 1 1

,

1 2): Furca (Fig. 1 2) quadrate; posterior and

anterior margins truncate; lateral margins

sinuate.

Immature stages.— Unknown.
Seasonal activity.— In the specimens ex-

amined, adults were collected from 1 2 April

to 13 July. Adults have been collected on

Adenostoma sp., on wet sand, and in Mal-

aise traps.

Distribution (Fig. 3>9).—Nebhtus pelluci-

dus ranges from Baja California Norte to

north-central California.

Specimens examined (N = 177).—Type

material: A syntypic series offour males and

two females of Nebritus pellucidus Coquil-

lett is in the U.S. National Museum (Type

Number 10424). A male of this series, here

designated lectotype (and labeled as M. E.

Irwin Therevidae Specimen Number 7041),

was collected in Los Angeles County, Cal-

ifornia, in April.

Other material: MEXICO. Baja Califor-

nia Norte: Arroyo Santo Domingo, 9 km E

Hamihon Ranch at dam site, 23-IV-1963,

H. B. Leech & P. H. Amaud, 1 <5, 1 9. UNIT-
ED STATES. CALIFORNIA. Kern County:

Indian Wells Canyon, west of Highway 6
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Figs. 1-12. Nebritus pellucidus (6051, 6112) 1. Male head, dorsal view. 2. Male antenna lateral view 3
Male maxillary palp, lateral view. 4. Male wing, dorsal view. 5. Male tergite 8, epandrium, cerci, and hypoproct
dorsal view. 6. Male hypandnum, gonocoxite and gonostylus, dorsal view (aedeagal complex removed). 7 Male
stemite 8, hypandnum, gonocoxite and gonostylus, ventral view. 8. Male aedeagus, dorsal view. 9. Male aedeagus
ventral view. 10. Male aedeagus, lateral view. 11. Female terminalia, dorsal view. 12. Female terminalia ventral
view. Abbreviations: Cerci (C); Distiphallus (Dp); Dorsal Apodeme (DA); Ejaculatory Apodeme (EA)- Epandnum
(Epa); Furca (F); Gonocoxite (Gx); Gonostylus (Gs); Hypoproct (Hyprct); Parameral Apodeme (PA)- Parameral
Process (PP); Stemite 8 (S,); Stemite 10 (S,„); Tergite 8 (TJ; Tergite 9+ 10 (T,,,..); Ventral Apodeme (VA) Scale
- 0.1 mm, unless otherwise indicated.
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km N Inyo, Kern tumoff, 12-IV-1960, C.

A. Toschi, 1 6; Bryson, 18-V-1920, E. P.

Van Duzee, 3 3, 2 9; 8 km N Kemville, 1
5-

V-1963, S. W. Eamshaw, 2 9; Los Angeles

County: April, 2 3; June, 2 9; San Timoteo

Canyon, R. A. Flock, 1 9, on Adenostoma

sp.; Tanbark Rat, 25-VI-1956, R. C. Bech-

tel, 26 (5, 11 9; H. R. Moffit, 14 <3, 8 9; 13-

VII- 1956, B. M. Bartoch, 1 5; 30-VI-1950,

H. F. Robinson, 1 9; 4-VII-1950, G. S.

Payne; 27-VI-1950, W. C. Bentineck, 2 9;

20-VI-1956, J. I. Stage, 1 9; Angeles Crest,

lO-VI-1949, 1 9; Big Dalton Canyon, 23-

VII-1952, A. T. McClay, 1 9; 15-V1I-1956,

E. I. Schlinger, 1 <3; 15-VII-1956, E. I.

Schlinger, 1 9; Big Dalton Dam, 25-VI-

1950, G. S. Payne, 2 9; Tie Canyon, Los

Angeles National Forest, 1 7-VI- 1 966, M. E.

Thompson, 3 $. Madera County: Oakhurst,

26-V-1942, S. H. Benedict, 1 9. Monterey

County: Arroyo Seco, 21-V-1955, J. W. Til-

den, 1 9. Placer County: Alta, 25-VI-1933,

R. M. Bohart, 1 3. Riverside County: San

Jacinto River Canyon, 1 4-V- 1 939, E. C. Van
Dyke, 1 9; Santa Margarita River, Temecula

Canyon, 18-V-1968, E. I. Schlinger, 4 <3, 4

9; 213-244 m, L. Brattsten, 1 3, on wet sand;

P. A. Ranch, 3 9; Temecula Canyon, 5 km
NW Rainbow, 24-V-1968, M. E. Irwin, 1

9; Hemet Lake, 17-V-1959, J. C. Hall, 2 <5,

2 9; Millard Canyon, 13-IV-1963, E. I.

Schlinger, 1 3; 1 3 km N Junction of Deep
Creek and Horsethief Creek, 902 m, 9-16-

V-1973, A. Tabet, 2 $\ Riverside, 19-V-

1964, F. G. Andrews, 1 6; 3-IV-1976, N. J.

Reemer, 1 6\ VI- 1970, 1 $\ Bautista Canyon,

13 km SE Hemet, 30-IV-1972, J. Pinto, 1

9; 8-V-1979, R. W. Parmelee, 1 <5, 1 9; S.

Frommer, 1 9; T. Augst-Allen, 1 9; San Ja-

cinto Mountains, Idyllwild, 19-VI-1940, E.

G. Linsley, 1 9. San Bernardino County:

Thurman Flats, Mill Creek, San Bernardino

Mountains, 1975 m, 11 -VII- 1964, E. I.

Schlinger, 1 3; Claremont, 1909, 1 3; no date,

4 3, 3 9; Mountain Home, 8-VI-1924, F. R.

Cole, 1 (3; 21 -VI- 1945, A. L. Melander, 1 <5;

Camp Baldy Road, 1981 m, 25-1-1956, R.

M. Bohart, 1 9; Wildwood Canyon, 8 km E

Calimesa, 16-VI-1969, M. E. Irwin, 1 9;

Burns Canyon, 12 km NW Pioneer Town,
5-V-1981, N. J. Gunther, 1 <5, 1 9; 1 1 km
W Pioneer Town, 1554 m, 5-V-1981, J. A.

Bethke, 1 <5; 7 km N Pioneer Town, 1250

m, 5-V-1981, G. Pratt, 1 9; Mojave River

Forks, 10 km SE Hesperia, 22-IV-1986, T.

Nitta, 1 (5; Towle, 25-VI- 1 933, M. C. Cazier,

1 (5; Mt. Home Canyon, San Bernardino

Mountains, 8-VI-1924, J. M. Aldrich, 2 9.

San Diego County: Oakzanita Springs Park,

1189 m, 25-V-1971, P. H. & M. Amaud, 3

3, 1 9, flight trap; Palomar Observatory

Campground, 25-27-VI-1968, P. H. Ar-

naud, 1 <5; 1 9; 1524 m, 26-VI-1968, P. H.

Amaud, 1 3; Nate Harrison Road near Mt.

Palomar, 1463 m, 2-VI-1968, E. I. Schlin-

ger, 3 <5, 3 9; 1067-1128 m, L. Brattsten, 1

9; near San Vicente Reservoir, lO-VI-1965,

J. C. Hall, 2 3, 7 9; 3 km W Potrero Canyon,

2-VI-1965, J. C. Hall, 1 <5, 1 9, in copulo;

near Buckman's Spring, 1
1 -VI- 1952, F. X.

Williams, 1 9; San Vicente Reservoir, 16-

VI- 1965, M. E. Irwin, 2 9, on rock in shade,

cold but active, overcast; Mission Gorge,

12-V-1960, G. C. Williams, 1 3; Pala, 7-V-

1949, R. M. Bohart, 1 9. San Luis Obispo:

16 km W Simmler, 3-V-1962, J. Powell, 1

3; La Panza Canyon, 19 km NE Pozo, 2-V-

1962, J. K. Drew, 1 9. Tulare County: Kern

River Campground, about 884 m, 11-V-

1971, P. H. & M. Amaud, 1 9. Tuolumne

County: Basin Creek Campground, 31-V-

1963, P. H. Amaud, 1 9; 1 -VI- 1963, P. H.

Arnaud, 2 3.

Nebritus powelli Webb and Irwin,

New Species

Derivation of name. —This species is

named in honor of Jerry A. Powell, Uni-

versity of California, Berkeley, who col-

lected many of the specimens.

Diagnosis.— Males and females of Nebri-

tus powelli are very similar to A^. tanneri in

having the scape cylindrical, dark reddish

brown with gray pruinosity; the length of

the scape less that 0.80 mm; the length/

width ratio of the scape greater than 3.5.
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Table 1 . Morphometric variation in the various species of Nebritus (N = 1 for males and females of each

species). The range (in mm) or ratio for each measurement is followed by the mean.
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^ /i ^18 1

Figs. 13-22. Nehritus powelli (6335, 6358) 13. Male face, frontal view. 14. Male antenna, lateral view. 15.

Male tergite 8, epandrium, cerci, and hypoproct, dorsal view. 16. Male hypandrium, gonocoxite and gonostylus,

dorsal view (aedeagal complex removed). 17. Male stemite 8, hypandrium, gonocoxite and gonostylus, ventral

view. 18. Male aedeagus, dorsal view. 19. Male aedeagus, ventral view. 20. Male aedeagus, lateral view. 21.

Female terminalia, dorsal view. 22. Female terminalia, ventral view. Scale = 0. 1 mm, unless otherwise indicated.

pedicel; length ofpedicel 0. 10 mm, 0.8 times

width; length of flagellum 0.38 mm, 2.7

times width, 0.8 times length of scape; style

length 0.04 mm. Parafacial with dense, white

to gold pile; tentorial pit large, dark reddish

brown, glossy. Genal setae white. Maxillary

palp dark brown, gray pruinose; length 0.40

mm, 4.0 times width; setae dark yellow.

Thorax: Macrosetae: np 3, sa 1, pa 1, dc

1, sc 2. Dark brown, gray pruinose; mixture

ofwhite, lanceolate, subappressed setae and

dark brown, elongate setae over entire dor-

sum; vittae dark brown, dorsocentral and

dorsolateral vittae separated by gray pru-

inose stripe. Postpronotal lobe concolorous

with thorax; setae pale yellow, elongate.
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Figs. 23-26. Nebhtus powelli larva (6351) 23. Head capsule, lateral view. 24. Head capsule, dorsal view

(right), ventral view (left). 25. Prothoracic spiracle, lateral view. 26. Posterior spiracle, dorsolateral view. Ab-

breviations: Antenna (ANT); Mandible (M); Maxillary Palpus (MP); Metacephalic Rod (MR). Scale = 0.1 mm,
unless otherwise stated.

Prostemal setae white. Pleuron dark brown,

dense gray pruinose; setae white, elongate,

abundant on propleuron, scattered over en-

tire anepistemum although more dense dor-

sally, scattered over entire katepisteraum

although more abundant along anterior

margin. Scutellum dark brown; setae white

to pale yellow with lateral patch of white

setae. Laterotergite dark brown, dense gray

pruinose; setae pale yellow with scattered

dark brown setae. Wing: Length 4.3 mm,
3.3 times width; opaque, pale smoky brown,

concolorous; pterostigma slightly darker

than membrane. Halter dark brown, stalk

yellowish brown. Legs: Coxae dark brown,

dense gray pruinose, apical macrosetae dark

brown. Femora dark brown, gray pruinose;

setal pattern a mixture of scattered, white.

and dark brown, elongate setae and white,

appressed, lanceolate setae. Tibiae dark yel-

lowish brown, apical halfof foretibia, apical

fourth of middletibiae, and apex of hind-

tibia dark brown. Tarsi dark brown, basal

fourth of hind basitarsus dark yellowish

brown.

Abdomen: Dark brown, gray pruinose,

concolorous; dorsal setae dark brown, sub-

appressed; lateral setae dark brown, elon-

gate with scattered pale yellow lanceolate

setae. Terminalia (Figs. 15-20): Tergite 8

broad; posterior margin broadly emargin-

ate. Stemite 8 subquadrate, posterior mar-

gin shallowly emarginate. Gonocoxite lacks

posteromedian patch of black setae as seen

in ventral view. Ejaculatory apodeme nar-

row, not expanded anteriorly.
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TSp-

Figs. 27, 28. Nehritus powelli pupal exuvia {6351) 27. Exuvium, dorsal view (left), ventral view (right). 28.

Frontal plate, frontal view. Abbreviations: Antennal Sheath (AS); Lateral Spiracle (LSp); Thoracic Spiracle (TSp).

Scale = 0. 1 mm, unless otherwise stated.

Variation: Body measurements given in

Table 1. Thorax: Macrosetae: np 3, sa 1-2,

2, pa 1, dc 1, sc 2.

Description of female.— Similar to male

with following exceptions. Body measure-

ments given in Table 1 .

Head: Ocellar tubercle dark reddish

brown, dark gold pruinose; setae dark red-

dish brown, scattered. Frons dark reddish

brown, dorsal half dark gold pruinose, ven-

tral half silver gray pruinose; dark yellow

and dark reddish brown setae, moderately

long, scattered. Maxillary palp pale yellow-

ish brown. Thorax: Macrosetae: np 2-3, 3,

sa 2, pa 1, dc 1-2, 1 sc 2. Dark gold and

black setae on mesonotum, dark gold setae

subappressed. Legs: Foretibia dark yellow-

ish brown, apical fourth dark reddish brown.

Abdomen: Dark reddish brown, dense gray

pruinose along posterior third of each ter-

gite. Terminalia (Figs. 21, 22): Furca (Fig.

22) oval; anterior and posterior margins

truncate; lateral margins rounded.

Immature stages.—Larva (N = 2) (Figs.

23-26): Length 0.50-0.54 mm, 1.5 times

longer than wide; metacephalic rod elon-
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Figs. 29-38. Nebhtus tanneri (6172. 6198) 29. Male face, frontal view. 30. Male antenna, lateral view. 31.

Male tergite 8, epandrium, cerci, and hypoproct, dorsal view. 32. Male hypandrium, gonocoxite and gonostylus,

dorsal view (aedeagal complex removed). 33. Male stemite 8, hypandrium, gonocoxite and gonostylus, ventral

view. 34. Male aedeagus, dorsal view. 35. Male aedeagus, ventral view. 36. Male aedeagus, lateral view. 37.

Female terminalia, dorsal view. 38. Female terminalia, ventral view. Scale = 0. 1 mm, unless otherwise indicated.

gate, posterior third clavate, length 0.82-

0.84 mm, 1.6 times length of head. Protho-

racic spiracle (Fig. 25). Posterior spiracle

(Fig. 26).

Pupa (N = 4) (Figs. 27, 28). Length 7.8-

9.3, 8.7 mm, width 1.8-2.2, 2.0 mm. Alar

process not spinose. Labial sheath tapered

ventrally, bisecting proboscial sheath.

Length of antennal sheath 0.42-0.46, 0.45

mm, apical spine absent. Thoracic spiracle

short, truncate apically; length 0.14-0.21,

0. 1 7 mm. Posterior spines elongate, not di-

vergent apically, length 0.27-0.36, 0.32 mm.
Dorsal spines on abdominal segments I-VII

and ventral spines on segment II-VII fine,

not fused basally. Abdominal spiracles on

segments I-VII moderately thick, tubular.

Seasonal activity.— In the specimens ex-

amined, adults were collected from 10 Jan-

uary to 19 July, with several specimens col-

lected on dunes and on Salix sp.

Distribution (Fig. 40).— Nehritus powelli

is known only from the coastal dunes of

central California.
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Fig. 39. Nebritus pellucidus, distribution.

Fig. 40. Nebritus powelli. distribution.

Fig. 4L Nebritus tanneri. distribution.

Specimens examined (N = 180).—Type
material: The holotype male of Nebritus

powelli (CAS Type No. 16630) (M. E. Irwin

Therevidae Specimen Number 6335) was
collected at Oxnard, Ventura County, Cal-

ifornia on 14 March 1969 by J. T. Doyen.

Other material: Paratypes (N = 79) (CAS,

CNC, FSCA, INHS, LACM, MEI, OregSU,
UCB/CIS, USNM) UNITED STATES.
CALIFORNIA. Los Angeles County: Bal-

lona Wetlands near Playa del Rey, 15-III-

1981, C. Nagano, 1 6; 28-III-1981, C. Na-
gano, 3 5, 1 9; 16-11-1981, C. Nagano, 3

larvae collected, emerged 24-III-1981, 1 3,

emerged 4-IV-1981, 1 S, emerged 6-1V-

1981,13; Playa del Rey, 1 0-I- 1 948, J. Wil-

cox, 1 6. San Luis Obispo: Dune Lakes, 5

km S Oceano, 15-11-1974, J. Doyen & J.

Powell, 12 3, 6 9, on Salix sp.; 20-III-1974,

3 3, 2 9; 24-IV-1973, 4 <5, 3 9; 27-IV-1973,

9 S; 1 -VI- 1972, 1 S; 26-27-IV-1973, 2 <5, 2

9; 24-11-1975, 1 9; 30-IV-l-V- 1975, J. Doy-
en, 2 9; 21-V-1976, J. Doyen & P. Rudi, 4

6, 1 9; Dune Lakes, 1 1 km S Oceano, 20-V-

1972, J. D. Pinto, 1 S, on dunes; 4-5-VI-

1971, 2 6; Oso Raco Lake, coastal dune

association, 22-VI-1965, M. E. Irwin, 3 6;

1 9-VII- 1 964, 2 9; 22-VI- 1 965, K. W. Brown,

1 9; Oso Flaco Lake, 8 km S Oceano, 1 1-

V-1965, J. Powell, 2 <5, 5 9; 27-VI-1968, D.

Veirs, 3 <3, 2 9; J. A. Chemsak, 1 <5, 1 9; J.

Powell, 6 <5, 2 9; 1 l-V-1965, J. Powell, 1 9;

23-IV-1966, J. Powell, 1 <5; Morro Bay, 30-

IV- 1962, S. W. Thorp, 1 9; C. A. Toschi, 1

9; P. D. Hurd, 2 6; J. Powell, 4 $; J. K. Drew,

1 3; 28-IV-1968, J. Powell, 1 6; 2-V-1962,

C. A. Toschi, 1 3, 2 9; Grover City, 27-IV-

1969, E. G. Linsley, 1 9; 27-IV-1959, 1 3;

28-IV-1959, J. W. MacSwain, 1 3; Pismo

State Beach at Grover City, l-V-1975, J.

Doyen, 1 3, 1 9; Morro Bay State Park,

3-V- 1 974, J. Powell, 2 3, 1 9; 5 km S Oceano,

23-11-1975, J. Powell, 5 3, 1 9; 20-III-1974,

J. Doyen & J. Powell, 1 3; Oceano, 27-V-

1970, J. Wilcox, 30 3, 4 9; 24-IV-1951, R.

M. Bohart, 1 3; Baywood Park, 26-IV-1969,

J. D. Pinto, 2 3, 1 9; 2 km N Morro Bay,

20-V-1970, J. Wilcox, 1 9; Pismo Beach,

1 3-V- 1956, J. Wilcox, 1 3. Santa Barbara

County: Jalama Beach Park, 27-III- 1 968, P.

H. Amaud, 7 3, 2 9. Ventura County: Ox-

nard, 14-III-1969, J. T. Doyen, 2 3, 1 9; 3
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km NW Ventura, 13-III-1967, J. Powell, 1

3, 1 9; Punta Corda, 6-V-1973, J. Doyen, 2

S; McGrath State Beach W of Oxnard, pupa

collected 15-11-1982, emerged 23-11-1982,

C. Nagano, 1 9.

Nebritus tanneri (Hardy)

Zionea tanneri Hardy (1938: 144); Cole

(1965: 349); Irwin and Lyneborg (1981a:

249). Type locality: Zion National Park,

Utah.

Nebritus tanneri (Hardy); Irwin and Lyne-

borg (1981a: 249).

Derivation of name.—This species was

named in honor of Dr. V. M. Tanner.

Diagnosis.— Males and females of Nebri-

tus tanneri are very similar to A^. powelli in

having the scape cylindrical, dark reddish

brown, gray pruinose, the length ofthe scape

less than 0.80 mm; the length/width ratio

of the scape greater than 3.5. Unlike Nebri-

tus powelli, N. tanneri has scattered, dark

reddish brown setae on the median area of

thorax; a lateral patch of gold setae on the

scutellum; and stemite 8 in males is broad,

bilobed; the gonocoxite has a distinctive

posteromedial patch of black setae as seen

in ventral view; and the ejaculatory apo-

deme is broadly expanded anteriorly.

Description of holotype female (7000).—

Body length 6.5 mm.
Head: Length 1.0 mm. Ocellar tubercle

dark reddish brown, glossy; ocellar setae

dark yellow, elongate, scattered. Eye red-

dish brown; median margin sinuate. Frons

(Fig. 29) pollinose on dorsal two-thirds,

ventral third dark reddish brown, glossy; a

black pruinose area exists dorsolaterally and
silver pile extends laterally from antennal

bases to margin of eyes; setae variable, gold,

elongate, scattered over pollinose area and
dark reddish brown on dark reddish brown
area of frons. Antenna (Fig. 30) dark brown,

gray pruinose; setae dark brown, scattered

over scape and pedicel and basally on fla-

gellum; macrosetae dark brown, scattered

on scape; length of antenna 1.2 times head

length; scape cylindrical, elongate, length

0.62 mm, 5.2 times width, 7.8 times length

of pedicel; length of pedicel 0.08 mm, 0.7

times width; length of flagellum 0.54 mm,
4.5 times width, 0.9 times length of scape;

style length 0.04 mm. Parafacial pollinose,

median and tentorial pit areas dark reddish

brown, glossy. Genal setae white. Maxillary

palp dark yellow; length 0.52 mm, 5.2 times

width; setae dark yellow.

Thorax: Macrosetae: np 3, sa 2, pa 1, dc

1, sc 2. Dark brown, gray pruinose; setae

dark brown, fine, scattered with a broad lat-

eral band ofgold lanceolate setae; vittae dark

brown, dorsocentral and dorsolateral vittae

separated by broad yellowish brown pru-

inose stripe. Postpronotal lobe concolorous

with thorax; setae gold, lanceolate. Proster-

nal setae white. Pleuron dark brown, dense

gray pruinose; setae white, elongate, abun-

dant on propleuron, scattered over entire

anepistemum and katepistemum. Scutel-

lum dark brown; setae pale yellow, dense

laterally. Laterotergite dark brown, dense

gray pruinose; setae white. Wing: Length

4.5 mm, 2.6 times width; pale brown, con-

colorous, costal cell darker; pterostigma dark

brown. Halter brown, stalk pale yellow.

Legs: Coxae dark brown, dense gray pru-

inose, apical macrosetae dark reddish

brown. Fore and middle femora dark red-

dish brown, gray pruinose, apical fourth dark

yellow; hind femur dark yellow; setal pat-

tern a mixture of scattered, white, and dark

brown, elongate setae and white, appressed,

lanceolate setae, hind femur lacks white,

elongate setae. Tibiae dark yellow, apex red-

dish brown; tarsomere 1 dark yellow, apex

dark reddish brown; tarsomeres 2-5 dark

brown.

Abdomen: Dark brown, gray pruinose;

lateral margins dense gray pruinose; dorsal

setae dark yellow, subappressed; lateral se-

tae white, fine. Terminalia as in Figs. 37,

38. Furca, as in Fig. 38, oblong; posterior

margin truncate; anterior margin broadly

rounded; lateral margins parallel.

Variation: Body measurements given in

Table 1. Thorax: Macrosetae: np 2-4, 3, sa

2-3, 2, pa 1, dc 1, sc 2.
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Description of male.— Similar to female

with following exceptions. Body measure-

ments given in Table 1

.

Head: Frons (Fig. 29) with mixture ofdark

yellow and dark brown setae on pruinose

area, black setae on dark reddish brown area.

Thorax: Macrosetae: np 3^, 4, sa 1-2,

pa 1, dc 1, sc 2. Gold setae across anterior

margin ofmesonotum. Legs: Tibiae and tar-

si dark reddish brown.

Abdomen: Terminalia (Figs. 31-36): Ter-

gite 8 broad, bilobed. Stemite 8 bilobed,

constricted medially. Gonocoxite with dis-

tinct posteromedian patch of black setae in

ventral view. Ejaculatory apodeme broadly

expanded anteriorly.

Immature stages.— Unknown.
Seasonal activity.— In the specimens ex-

amined, adults were collected from 1 1 April

to 27 July. Adults have been collected on

Pinus monophylla, on dunes and sandy creek

bottoms, and in Malaise traps.

Distribution (Fig. 4\).—Nebritus tanneri

ranges from Baja California Norte to north-

central California, and eastward to western

Nevada and southwestern Utah.

Specimens examined (N = 63).—Type
material: The holotype female (Brigham

Young University) (M. E. Irwin Therevidae

Specimen Number 7000) was collected in

Zion National Park, Utah by V. M. Tanner.

Other material: MEXICO. Baja Califor-

nia Norte: 6 km S La Rumorosa, 18-IV-

1964, E. I. Schlinger, 3 6\ 1321 m, sandy

creek bottom, M. E. Irwin, 3 <3. UNITED
STATES. CALIFORNIA. El Dorado Coun-

ty: Eagle Falls, 1980 m, 27-VI-1971, P. H.

& M. Amaud, 1 3; Grass Lake, 5-VII-1962,

M. E. Irwin, 1 <5. Inyo County: Panamint

Mts., 24-V-1937, A. E. Meier, 1 <3; Whitney

Portal, 16-VI-1958, M. E. Irwin, 1 9; 6 km
E Whitney Portal, 31-V-1963, E. Fisher, 2

$; 14 km E Whitney Portal, 31-V-1963, E.

Fisher, 2 <5; Bigpine, 2286-2591 m, 6-VII-

1956, J. Wilcox, 1 3, 1 9; Big Pine Creek,

2286 m, 12-VI-1942, R. Bohart, 1 <5. Kern

County: Canebreak Creek, 5 km W Walker

Pass, 30-IV-1964, J. Powell, 1 3; C. A. Tos-

chi, 1 9; Tehachapi Mountains, Antelope

Canyon, 1465-1585 m, 15-V-1976, J. D.

Pinto, 1 (3. Los Angeles County: 8 km S

Lancaster, 11 -IV- 1958, J. W. MacSwain, 1

(5; Palmdale, Mojave Desert, 13-IV-1940,

E. I. Schlinger, 1 9; Devil's Punchbowl,

l-V-1968, D. Veirs, 1 9. Mono County: Rock
Creek Campground, 3-VII-1967, P. H. Ar-

naud, 5 9; Blanco's Corral, White Mt., 3048

m, 30-VI-1953, J. W. MacSwain, 1 3, 3 9;

H. Nakakihara, 1 9; Crooked Creek Labo-

ratory, White Mt., 5 km N Inyo County line,

24-V-1937, J. Powell, 1 9; 8 km S Lancaster,

11 -IV- 1958, J. W. MacSwain, 1 <5; Benton

Inspection Station, 14-V-1974, B. Villegas,

2 6; Leavitt Meadow, 6-VII-1951, C. A.

Downing, 1 9; Mono Basin, Sulphur Spring

Road, 16 km S Highway 167, dune, 29-V-

1980, 1 9; 2-VI-1980, T. W. Schoener & C.

A. Taft, 1 6, 1 9; Crooked Creek, White

Mountains, 3094 m, 19-VI-1961, J. A. Lit-

singer, 1 9. Monterey County: Marina,

coastal sand dune association, lO-V-1971,

M. E. Irwin, 4 3, 5 9. Riverside County: Pine

Cove, San Jacinto Mountains, 23-V-1939,

B. Brookman, 1 9. San Diego County: Cu-

yumaca, 12-V-1953, J. Wilcox, 1 <5. San
Bernardino County: March's Ranch Road,

3 km E Baldwin Lake, 1524-1829 m, Pinus

monophylla, 25-V-1968, R. Hobza, 1 9. Tu-

lare County: Fairview, 27-IV-1964, C. A.

Toschi, 2 5, 1 9; Kings Canyon National

Park, Big Meadow Camp, along trail to

Weaver Lake, 2134 m, 27-VII-1979, L. G.

Bezarh, 1 <5, 1 9. NEVADA. Churchill Coun-

ty: 8 km SE Hazen, 2-V- 1 958, R. C. Bechtel,

1 9. UTAH. Millard County: Lake Dale

Haws, Delta, 24-VI-1951, 1 <5. Washington

County: Zion National Park (holotype), V.

M. Tanner, 1 9; Paradise Canyon, 13-19-

V-1983, D. Beck, 1 <3, Malaise trap.
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Abstract. —The species o^ Me^aliniiu Irwin and Lyneborg arc revised. Thercva holhocera

Osten Sacken is placed in this genus. A key to the species is provided along with species

descriptions and distributions.

Key Words: Diplcra, slilcllo Hies, Thcrcvidac, Mci^alitma. North American revision,

species keys, descriptions, distributions

A monograph of the Ncarclic genera of

Therevidae (Irwin and Lyneborg 1 9H I a) de-

scribed several new taxa and redescribed

others. This paper is the fourth of a series

(Webb and Irwin 1988, 1991a, b) revising

the species of the genera treated in that

monograph. Irwin and Lyneborg (1981a)

described M. insii^nuta from the Nearctic

Region and indicated that a second unde-

scribed species was known from Mexico and

El Salvador. This species was found to be

conspecific with I'lurcva holhocera Osten

Sacken, which is herein transferred to Me-

i^aliniia. A key to the North American spe-

cies is provided along with species descrip-

tions and distributions.

The morphological terminology used for

the male terminalia was originally delined

and described by Lyneborg ( 1 968) and sub-

sequently modified by Lyneborg (1972,

1976, 1978) and Irwin (1977a, b). The fe-

male terminalia terminology was defmed

and described by Irwin (1976). Other mor-

phological features are described with ter-

minology set out in the "Manual of Nearctic

niptera" (McAlpine 1981). The range for

each setal count is followed by the mode (if

the setal count is followed by a count in

parentheses, it indicates a diirerence in

counts between the left and right sides of

the same specimen). Setal counts were taken

from the left side of the specimen.

Each specimen was assigned a unique

THEREVIDAE/M. E. IRWIN/SPECT-
MEN number. This number is used to as-

sociate the ecological and label data with a

given specimen, and when referred to here-

in, is printed in italics. The data will be

incorporated into an automated data man-
agement system originally designed by

Ranch (1970).

To conserve space and include as much
information as possible about each speci-

men, a format adopted from Irwin (1983)

is used in the "Specimens Examined" sec-

tion ofeach species. Many of the terms used

there are defmed by Stuckenberg and Irwin

(1973). In the presentation of locality data,

a semicolon terminates one series of spec-

imens and signals the beginning of the next.

Data not repeated in a series are the same

as those of proceeding series.

Specimens have been deposited in the fol-

lowing museums and collections: American

Museum of Natural History (AMNH); Ar-

izona State University, Tempe (ASUT);

British Museum (Natural History) (BM):

California Academy of Sciences (CAS); Ca-

nadian National Collection (CNC); Illinois

Natural History Survey (INHS); Kansas
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Slate University (KSU); Michael 1*. Irwin

C'ollection (MHI); Snow Entomological Mu-
seum, University of Kansas (SHMK); Unit-

ed States National Museum (USNM); Uni-

versity of California, Berkeley/Calirornia

Insect Survey Collection (U( B/CIS); Uni-

versity of Califbrnia, Davis (UCD); Uni-

versity of California, Riverside (UCK);

University of Idaho, Moscow (UIM); Utah

State University, Logan (USUI.); Zoologi-

cal Museum, Copenhagen (ZM UC).

Mc^alinga may be separated from Ne-

arctic therevids by using the keys to the gen-

era of Nearctic Therevidae in Irwin and

Lyneborg (I981a,b). No key to the genera

of Neotropical Therevidae is available at

this time; however, all species o\' Mci^alini^a

possess a strong, dark seta on each of the

paired cervical lobes, which is unique for

this genus. These lobes are located anterior

to the presternum.

Megalitifia Irwin and liynebor^

Mcgallfii^'a Irwin and Lyneborg (1981 a: 242).

Type species: Mci^alinf^a imi^nata Irwin

and Lyneborg (1981a: 244) by original

designation.

Derivation of iVAn\M.— mcgas ((ireek)

large; lirif^a (Sanskrit) = penis.

Diagnosis.— In the key provided by Irwin

and Lyneborg (1981a, b), Mci^a/ini^a Irwin

and Lyneborg is associated with the genera

Nchritus Coquillelt, Arcnif^cna Irwin and

Lyneborg, Dialincura Rondani, and /'<:////-

ccphala Irwin and Lyneborg by possessing

fine setae on the posterior surface of the

midcoxae and by having the prosternum

with fine setae in and around its central de-

pression (except /^ qiu'hcccnsis Webb and

Irwin). It is separated from these genera in

having a strong black seta present on each

of the paired cervical lobes anterior to the

prosternum, in having veins R.,
,

, and R,,

with a deep curve before the wing margin,

and the male disliphallus being cleft at its

apex. Because the ground plan for the male

terminalia is shared in Mcgalin^^a and Ar-

cnii^cna. we tentatively propose a sister-

group relationship for these genera.

Medium to large-si/ed Hies. Males more
slender and smaller than females.

Description of male and foniale.— Head:

Male eyes separated by a distance less than

the width of the medial ocellus, facets equal;

antenna (lig. 1), length 0.4-0.5 times head

length; scape cylindrical; pedicel ovate; 11a-

gellum vase-shaped, tapered apically; style

terminal, two-segmented; terminal spine

minute; frons in female (Fig. 10) broad, lat-

eral margins convergent dorsally; frontal

calli absent; paralacial broad, enlarged ven-

trally; tentorial pit narrow, deep; maxillary

palpus one-segmented (I'ig. 2) cylindrical to

clavate, apex rounded; setae scattered on

female frons; elongate, abundant on gena

and maxillary palpus; absent on eyes, para-

lacial, clypeus, and male Irons.

Thorax: Macrosetae: np 2-4, 3, sa 2, pa

I, dc 2, sc 2. Vittae indistinct; prosternal

setae elongate; each cervical lobe anterior

to prosternum with a strong, black seta; se-

tae abundant on propleuron and scattered

over entire anepisternum, absent on re-

maining pleural sclerites. WinK(I"igs. 3, 14):

Whitish-hyaline with strongly marked pat-

tern of dark brownish patches; veins pale

brown; pterostigma brown; selulae absent;

length of R, 1.0-1.1 times R,; length of cell

r,, 1.6-1.9 times width; veins M,, M ,, and

M, originate separately from apical margin

ofdiscal cell; cell m, open; discal cell acute

basally; cell cup closed with short petiole;

m-cu/r-m subequal. Legs: Coxae moderate-

ly long; setae elongate, scattered on anterior

and posterior surfaces; forecoxa with 2-^

black apical macrosetae and an additional

macroseta near base on anler-jlateral mar-

gin. Ilindlemur with 5-6 anteroventral

macrosetae, some shorter posterovenlral se-

tae, often clustered near apex.

Abdomen: Rather narrow, gradually ta-

pering from base to apex; dorsum convex,

especially in male; dorsum of male pale,

grayish pruinose; dorsum of female yellow-

ish to brownish. Male terminalia (Figs. 4-
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9, 1 5-20): Tergite 8 large, about as wide as

epandrium; broadly emarginate posteriorly.

Stemite 8 somewhat reduced; posterior

margin emarginate. Epandrium shorter me-
dially than wide, posterolateral comers

broadly rounded with a broad infolded mar-

gin; cercus free, well sclerotized, ending be-

fore or slightly beyond hypoproct; hypo-

proct large, reaching anterior margin of

epandrium and attached to anterior margin

of dorsal apodeme of aedeagus, entirely

membranous. Hypandrium absent. Ventral

lobes of gonocoxite very large, attached

along midline for some distance and also

attached laterally to body ofaedeagus; para-

meral process very long and slender, at-

tached to gonocoxite by a strong medial

membrane, but a ventral epandrial sclerite

is not evident, thus each gonocoxite is clear-

ly demarcated by a strongly sclerotized and

pigmented inner margin; parameral apo-

deme reduced. Gonostylus elongate with

short setae on dorsal and ventral surfaces.

Aedeagus attached to parameres and gon-

ocoxites; a long, weak, membranous bridge

stretching from distal comers ofdorsal apo-

deme to midsection of paramere and a

stronger attachment between ventral lobes

of gonocoxites and ventral surface of ae-

deagus; aedeagus has a very remarkable

shape; distiphallus forms a right angle with

the heavily sclerotized, rectangular dorsal

apodeme and curves downward for about

270°, its apex being cleft; ventral apodeme
arises at a right angle from base of disti-

phallus, extending parallel to dorsal apo-

deme, but shorter; ejaculatory apodeme
about as long as ventral apodeme and very

slender. Female terminalia (Figs. 1 1-13, 22-

24): Tergite 8 subrectangular, longer than

wide, posterior margin broadly concave; se-

tae black, elongate, in broad, dense, medial

band and with scattered short, anteriorly

directed setae on posterior third of tergite.

Tergite 9+10 fused, large with strong acan-

thophorite setae. Cercus subtriangular,

membranous, with numerous, fine, short se-

tae. Stemite 8 large, longer than wide; pos-

terior margin with medial emargination, se-

tae black, elongate, in broad, dense, medial

band, with scattered, anteriorly directed se-

tae on posterior third of stemite. Stemite 9

greatly modified, invaginated above stemite

8 to form intemal furca which is closed an-

teriorly; penis guide elongate, tapered pos-

teriorly, attached to base of posterior mar-

gin of stemite 8. Stemite 10 membranous;
subtriangular; setae short, fine.

Immature stages.—Unknown.
Biology.—The two species oi Megalinga

appear to inhabit different habitats; M. bol-

bocera inhabits coastal beach hummocks
and M. insignata inland dirty washes.

Distribution (Figs. 25, 16).—Megalinga

ranges from El Salvador northward to

southem California and southem Arizona.

Key TO Species of Megalinga

1 . Halter knob dark brown; vein R, + , (Fig. 3) with

several dark brown spots; cell br with 2 dark

brown spots medially; male distiphallus (Fig.

8) with shallow, apical cleft apically, parallel

to lateral margins of distiphallus; ventral apo-

deme ofaedeagus equal in width to dorsal apo-

deme bolbocera (Osten Sacken)

- Halter knob pale yellow; vein R, ^3 (Fig. 14)

with 2 dark brown spots medially; cell br lack-

ing medial dark brown spots; male distiphallus

(Fig. 1 9) deeply cleft apically, distinctly flared

laterally; ventral apodeme ofaedeagus distinct-

ly narrower than dorsal apodeme

insignata Irwin and Lyneborg

Megalinga bolbocera (Osten Sacken)

Thereva bolbocera Osten Sacken (1887: 162):

Cole (1923: 127); Irwin and Lyneborg

(1981a: 236)

Thereva bolboceras: Krober (1914: 64) error

in spelling.

ILitolinga bolbocera (Osten Sacken): Irwin

and Lyneborg (1981a: 236).

Megalinga bolbocera (Osten Sacken): New
Combination.

Derivation of name.— Z)o/Z)05 (Greek) = a

swelling, bulb; cero < keros (Greek) = horn.

Y)\2i^,iios\s.— Megalinga bolbocera is

readily separated from M. insignata in that

the males and females have distinctly darker
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wings with several dark brown spots along

R2+3 and two dark brown areas in cell br;

the halter knobs are dark brown; the male

stemite 8 is steeply emarginate posteriorly,

the dorsal and ventral apodemes of the ae-

deagus are equal in width, and the apical

cleft of the distiphallus is short and parallel

to the lateral margins ofthe distiphallus; the

female frons is dull yellowish brown with a

large circular dark brown area, the furca is

shorter in length, and the penis guide is broad

and rounded anteriorly.

Description of holotype female (7028).—

Body length 10.8 mm.
Head: Length 1.9 mm. Ocellar tubercle

dark reddish brown, with dense yellowish

brown microtomentum; ocellar setae dark

reddish brown. Eyes dull reddish brown;

medial margin straight. Frons (Fig. 10) cov-

ered with dense yellowish brown microto-

mentum with a pair of large dark brown
circular areas mediolateral; lateral margins

convergent dorsally; setae dark reddish

brown, short, scattered. Antenna dull yel-

lowish brown, style dark brown; setae dark

yellow, scattered on scape, dark brown over

pedicel and scattered basally on flagellum;

macrosetae dark brown, scattered on scape;

length of antenna 0.4 times head length;

length of scape 0.25 mm, 1.4 times width,

3.1 times length ofpedicel; length of pedicel

0.08 mm, 0.6 times width; length of flagel-

lum 0.34 mm, 1.8 times width, 1.4 times

length of scape; length of basal stylomere

0.05 mm, length of apical stylomere 0.11

mm. Parafacial dark yellowish brown. Ge-
nal setae white, becoming dark reddish

brown near ventral surface of parafacial.

Maxillary palpus clavate, dark yellow; length

0.65 mm, 3.3 times width; setae dark yel-

low.

Thorax: Macrosetae: np 3, sa 2, pa 1, dc

2, sc 2. Dark reddish brown, dark yellowish

brown pruinose [setae rubbed off'specimen].

Postpronotal lobe concolorous with thorax;

setae reddish brown. Prostemal setae pale

yellow. Propleuron with dark yellow micro-

tomentum, anepistemum, katepistemum.

anepimeron, and meron with dull yellowish

brown microtomentum; setae white, abun-

dant on propleuron, scattered over entire

anepistemum. Scutellum dark yellow, whit-

ish gray pruinose [setae rubbed off" speci-

men]. Laterotergite dark yellowish brown,

gray pruinose; setae pale yellow. Wing:
Length 8.6 mm, 2.9 times width; pale smoky
brown, densely maculate, with scattered

opaque areas; R2+3 with numerous dark

brown spots; cell br with two large, dark

brown spots medially; posterior cells pre-

dominately brown; pterostigma dark brown.

Halter dark brown, stalk dark yellow. Legs:

[Forelegs absent on holotype.] Mid- and
hindcoxa dark yellowish brown; apical ma-
crosetae dark reddish brown. Midfemur pale

brown, hindfemur pale reddish brown; se-

tae white, appressed, scale-like. Mid- and
hindtibia dark yellowish brown. Midtarso-

mere 1 dark yellowish brown [remaining

tarsomeres and hindtarsi absent on holo-

type].

Abdomen: Dark yellowish brown, con-

colorous; dorsal setae reddish brown, mod-
erately long with white appressed setae

across posterior margin of tergite 1 and lat-

erally along abdomen. Terminalia (Figs. 1
1-

13): Tergite 8 and stemite 8 with medial

band of elongate setae. Furca (Fig. 13) sub-

rectangular; length 0.76 mm; posterior and
anterior margins broadly rounded; lateral

margins sinuate; penis guide elongate, an-

terior margin broad and rounded.

Variation: Body measurements for fe-

males are provided in Table 1 . Variation in

thoracic macrosetal counts was not noted.

Setae on forefemur white, appressed, scale-

like.

Description of male.— Similar to female

with following exceptions. Body measure-

ments for males given in Table 1

.

Head: Ocellar tubercle dark brown,
brownish gray pminose; ocellar setae dark

brown. Eyes reddish brown. Frons covered

with dull yellowish brown pile with small

dark brown area dorsally. Antenna (Fig. 1).

Maxillary palpus (Fig. 2) dark yellow, stalk
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Table 1. Morphometric variation in the various species of Megalinga (N = 10 except N = 7 for M. insignata

males). The range (mm) and ratio for each measurement are followed by the mean.
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cal projection ofgonostyle dark brown (Figs.

5, 6). Tergite 8 broad, bilobed; posterior

margin deeply concave. Stemite 8 moder-

ately reduced, bilobed, deeply constricted

medially. Gonocoxite with reduced para-

meral apodemes. Dorsal and ventral apo-

demes of aedeagus equal in width (Fig. 8);

distiphallus with short apical cleft parallel

to apical margins of distiphallus (Fig. 8).

Seasonal activity.— In the specimens ex-

amined, adults were taken from 1 8 April to

12 December.

Distribution (Fig. 25).—Megalinga bol-

bocera is known only from Mexico and El

Salvador.

Specimens examined (N = 18).—Type
material: The holotype female of Thereva

bolbocem Osten Sacken (British Museum
(Natural History); M. E. Irwin Therevidae

Specimen Number 7028) was collected at

Presidio [Presidio de Mazatlan, see Selan-

der and Vaurie 1962: 47], Mexico, by For-

rer.

Other material: EL SALVADOR. Ahua-

chapan: Bocana [Barra] de Santiago, 1 2-XII-

1964, M. E. Irwin, 1 9. MEXICO. Guerrero:

32 km E Acapulco, 12-VIII-1962, Univer-

sity of Kansas Mexico Expedition, 2 $; Ac-

apulco, 28-VI-1956, R. E. Beer and party,

7 3, 3 9; 6-VIII-1954, J. G. Chillcott, 1 6.

Oaxaca: Salina Cruz, 7-IX-1963, R. H. and

E. M. Painter, 1 6. Nayarit: San Bias, 18-

IV- 1949, G. M. Bradt, 2 9. Sinaloa: Ma-
zatlan, 2-VIII-1963, F. D. Parker and L. A.

Stange, 1 <5; 11 -XI- 1968, G. E. Bohart, 1 5,

Presidio [Presidio de Mazatlan, see Selan-

der and Vaurie 1962: 47], Forrer, 1 9.

Megalinga insignata Irwin and Lyneborg

Megalinga insignata Irwin and Lyneborg

(1981a: 244).

Derivation of name.— /« (Latin) = not;

signatus (Latin) = mark.

Yi\2i%iios\s.— Megalinga insignata is

readily separated from M. bolbocera in that

the males and females have distinctly paler

wings with 2 dark brown spots along R2+3,

and cell br is hyaline; the halter knobs are

pale yellow; the male stemite 8 has a shallow

emargination posteriorly, the dorsal apo-

deme of the aedeagus is nearly three times

wider than the ventral apodeme, and the

apical cleft of the distiphallus is long and

diverges distinctly from the apex of the dis-

tiphallus; the female frons are silver to silver

brown with two small elongate dark brown
areas, the furca is longer in length, and the

penis guide is narrow and pointed anteri-

orly.

Description of holotype male (5144).—

Body length 9.0 mm.
Head: Length 1.6 mm. Ocellar tubercle

dark reddish brown, dense gray pruinose;

ocellar setae black. Eyes dull reddish brown;

medial margin sinuate. Frons covered with

dense silver pile with a small, elongate, dark

brown area dorsolateral on each side offrons.

Antenna pale yellow, pale yellow pruinose;

style dark brown; setae pale yellow, scat-

tered over scape and pedicel with short

brown setae scattered basally on flagellum;

macrosetae dark brown, scattered ventrally

on scape; length of antenna 0.5 times head

length; length of scape 0. 1 8 mm, 1 . 1 times

width, 1.8 times length of pedicel; length of

pedicel 0.10 mm, 0.6 times width; length of

flagellum 0.36 mm, 2.0 times width, 2.0

times length of scape; length of basal sty-

lomere 0.04 mm, length of apical stylomere

0.08 mm. Parafacial and gena covered with

dense silver pile; genal setae white, becom-
ing dark reddish brown near ventral margin

of parafacial. Maxillary palpus cylindrical;

yellow, yellow pruinose; length 0.46 mm,
3.8 times width; setae pale yellow.

Thorax: Macrosetae: np 3, sa 2, pa 1, dc

2, sc 2. Dark reddish brown, dark yellowish

gray pruinose; setae pale gold, appressed.

Postpronotal lobe concolorous with thorax;

setae pale yellow. Prostemal setae white.

Propleuron pale yellow with dense pale yel-

low pile; anepistemum dark reddish brown
with dense gray pile; katepistemum dark

reddish brown, its dorsal half dark yellow

with dense whitish gray pile, anepimeron
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Figs. 1-13. Megalinga bolbocera{5 165. 7028) 1. Male antenna, lateral view. 2. Male maxillary palpus, lateral

view. 3. Male wing, dorsal view. 4. Male tergite 8, epandrium, cercus, and hypoproct, dorsal view. 5. Male

gonocoxites and gonostylus, dorsal view (aedeagal complex removed). 6. Male stemite 8, gonocoxites and

gonostylus, ventral view. 7. Male aedeagus, dorsal view. 8. Male aedeagus, ventral view. 9. Male aedeagus,

lateral view. 10. Female head, frontal view. 11. Female terminalia, dorsal view. 12. Female terminalia, ventral
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dark yellow, dense whitish gray pile, meron
reddish brown, dense gray pile; setae pale

yellow, abundant on propleuron, scattered

over entire anepistemum. Scutellum pale

reddish brown, whitish gray pruinose; setae

yellow. Laterotergite dark yellowish brown,

dense whitish gray pile; setae pale yellow.

Wing (Fig. 14): Length 7.2 mm, 2.6 times

width; opaque, maculate, particularly at

crossveins and forks of veins; R2 + 3 with 2

dark brown spots medially; cell br hyaline,

without medial dark brown spots; posterior

cells hyaline medially; veins pale yellowish

brown; pterostigma brown. Halter pale yel-

low. Legs: Coxae dark yellow, dense yellow

pruinose; apical macrosetae brown. Femora
reddish brown, whitish gray pruinose; setae

white, appressed, lanceolate. Tibiae dark

yellow. Tarsomere 1 dark yellow, becoming

reddish brown apically; tarsomeres 2-5 red-

dish brown.

Abdomen: Pale yellowish brown, concol-

orous, whitish gray pruinose; dorsal and lat-

eral setae white. Terminalia (Figs. 15-20):

Tergite 8 broad, bilobed; posterior margin

deeply concave. Stemite 8 moderately re-

duced, posterior margin with shallow emar-

gination (Fig. 1 7). Gonocoxile with reduced

parameral apodemes. Dorsal apodeme of

aedeagus nearly three times wider than ven-

tral apodeme (Fig. 1 9); apical cleft of the

distiphallus long, diverging distinctly from

the apex of the distiphallus (Fig. 19).

Variation: Body measurements for males

are provided in Table 1. Variation in the

thoracic macrosetal counts was not noticed.

Description of female.— Similar to male

with following exceptions. Body measure-

ments for females are provided in Table 1

.

Head: Eyes with medial margin straight.

Frons (Fig. 21) dense yellowish gray pru-

inose, small, linear, brown area dorsolater-

ally; setae reddish brown, scattered.

Thorax: Macrosetae: np 2-4, 3. Dorsum
with scattered reddish brown setae on an-

terior third in addition to pale gold ap-

pressed setae. Legs: Femora dark yellow,

yellow pruinose; setae pale yellow, lanceo-

late, appressed.

Abdomen: Pale reddish brown, yellowish

gray pruinose; posterior tergites darker.

Terminalia (Figs. 22-24): Tergite 8 and ster-

nite 8 with medial band on elongate, dark

brown setae. Furca (Fig. 24) oblong; length

1.1 mm; anterior and posterior margins

rounded; lateral margins sinuate; penis guide

elongate, pointed anteriorly.

Seasonal activity.— In the specimens ex-

amined, adults were taken from 27 March
to 30 May, with several specimens collected

in a Malaise trap at a water hole.

Distribution (Fig. 26).—Megalinga insig-

nata is known only from Baja California,

southern California, and southwestern Ar-

izona.

Specimens examined (N = 24).—Type
material: The holotype female oiMegalinga

insignata Irwin and Lyneborg (CAS Type
No. 13670, M. E. Irwin Therevidae Speci-

men Number 5144) was collected at Ben-

netts Well, Inyo County, California on 30

March 1952 by A. E. Michelbacher.

Other material: MEXICO. Baja Califor-

nia Norte: Bahia de Los Angeles, 1 -IV- 1 973,

J. T. Doyen and J. A Powell, 1 9. Baja Cal-

ifornia Sur: 35 km S Mulege, 30-III-1980,

L. D. French and E. A. Sugden, 1 9. UNIT-
ED STATES. ARIZONA. Maricopa Coun-

ty: Tempe, 8-V-1964, F. F. Hasbrouch, 1 <5.

Yuma County: Yuma, 6-V- 1 939, R. M. Bo-

hart, 1 S. CALIFORNIA. Imperial County:

Brawley, 14-IV-1959, E. I. Schlinger, 1 9.

view. 13. Female furca, dorsal view. Abbreviations: Cercus (C); Distiphallus (Dp); Dorsal apodeme (DA);

Ejaculatory apodeme (EA); Epandrium (Epa); Furca (F); Gonocoxite (Gx); Gonoslylus (Gs); Hypoproct (Hyprct);

Parameral apodeme (PA); Parameral process (PP); Penis guide (PG); Stemite 8 (S„); Stemite 10 (S,,,); Tergite 8

(Tj); Tergite 9+ 10 (Ty + ,o); Ventral apodeme (VA). Scale = 0.1 mm, unless otherwise indicated.
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Figs. 14-24. Megalinga insignata {5144, 5142) 14. Male wing, dorsal view. 15. Male tergite 8, epandrium,

cercus, and hypoproct, dorsal view. 16. Male gonocoxites and gonostylus, dorsal view (aedeagal complex re-

moved). 17. Male stemite 8, gonocoxites and gonostylus, ventral view. 18. Male aedeagus, dorsal view. 19. Male

aedeagus, ventral view. 20. Male aedeagus, lateral view. 21. Female head, frontal view. 22. Female terminalia.
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Fig. 25. Map of Central America showing distribution of Megalinga bolbocera.

Fig. 26. Map of southwestern United States and Baja California showing distribution ofMegalinga insignata.

Inyo County: Death Valley National Mon-
ument (DVNM), Bennetts Well, 30-III-

1952, A. E. Michelbacher, 1 3; 15-IV-1968,

J. Bigelow and M. A. Cazier, 1 9; Furnace

Creek (DVNM), 27-III-1961, M. E. Irwin,

1 9; D. R. Miller, 1 9; 8-IV-1939, E. G.

Linsley, 1 6; Tule Springs, 18-IV-1965, R.

L. Westcott, 1 S; A. R. Gittins, 1 3; Tecopa,

30-V-1955, J. Belkin, 1 S. Riverside County:

Coachella, 25-V-1938, E. C. Van Dyke, 1

9. San Bernardino County: 8 km S Baker,

Zzyzx Springs, 25-IV-1977, C. Kitayama, 2

9, in Malaise trap at water hole; 14 km S

Baker, Zzyzx Springs, 24-IV-1977, C. Ki-

tayama, 1 3, 2 9; 25-IV-1977, C. Kitayama,

1 9; G. W. Ulrich, 1 9; 26-IV-1977, M. E.

Buegler, 1 9; 17-IV-1977, M. E. Buegler, 1

9; Needles, 3-V-1964, P. Torchio and G.

Bohart, 1 3.
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Abstract. — ¥tm2i\Q Corethrella marksae from Hinchinbrook Island and C. sp. near

urumense from Darwin, Australia, have biting mouthparts similar to those reported from

other biogeographic regions. They are more membranous than those of North American

species and, for this reason, may be nonfunctional. Female specimens of an undescribed

form from Hinchinbrook Island have mouthparts without teeth that superficially resemble

those of male C. appendiculata and C. wirthi\ they are described and illustrated with SEM
photomicrographs. This is the first report of Corethrella with toothless mouthparts.

Key Words: Diptera, Corethrella, mouthparts

Seven families of Diptera were listed by

Downes (1958) as biting flies, i.e. those in

which females have mandibulate mouth-

parts adapted for penetrating the integu-

ment and ingesting body fluids of a host.

These families include Blepharoceridae,

Psychodidae, Ceratopogonidae, Simuliidae,

Culicidae, Tabanidae, and Rhagionidae.

Subsequently, some species of Tanyderidae

were found to have mandibles with teeth;

and specimens of an undescribed species of

Chironomidae, commonly known as the

nonbiting midges, were found to have

strongly sclerotized mandibles with large

teeth similar to those ofentomophagus Cer-

atopogonidae (Downes and Colless 1967).

The chironomid was later described as Ar-

chaeochlus brundini (Cranston et al. 1987).

An additional family, the tenth, was added
to the biting fly group by erection of the

family Corethrellidae (Wood and Borkent

1989) whose members previously had been

classified as a subfamily of Chaoboridae

(Saether 1970). In addition to having highly

sclerotized, toothed mandibles, most mem-
bers of each of the foregoing families have

the hypopharynx, laciniae and labrum scler-

otized to varying degrees; one or all of these

structures may be toothed.

Some species and genera of all of the first

nine families listed in the foregoing have

been reported to have mouthparts that aie

reduced in size and/or armature (Downes

1958, Downes and Colless 1967). Coreth-

rella Coquillett with toothed mouthparts

have been reported from all biogeographic

regions of the world except the Australian

(Miyagi 1975, McKeever and Pound 1979,

Cranston 1980), but to date none has been

reported with toothless mouthparts. We ex-

amined Corethrella from Australia and here

report that the two described species (Col-
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less 1986) have toothed mouthparts, but

specimens of an undescribed species were

found to have toothless mouthparts.

Materials and Methods

Specimens of Corethrella were collected

8-17 November 1984 at Hinchinbrook Is-

land (Cayundah Creek), Queensland and

July 1958 at Darwin, Northern Territory

and preserved in 70% ethanol. Methods of

preparation of mouthparts for study follow

McKeever(1986).

Results

Toothed mouthparts were found on one

specimen, designated Corethrella sp. near

C. urumense Miyagi, from Darwin and on

one specimen, designated C. sp. near C
marksae Collett, "Cooktown form," from

Hinchinbrook Island. Mandibles, lacinae

and labrum were not observed on the for-

mer specimen, but its hypopharynx has 20

teeth, longest 1 .3 jum, along each side, length

of tooth row 59.8 iim (Fig. 1). The latter

specimen has mandibles with fine teeth,

number not determined; a hypopharynx

with 14 teeth per side, longest 1 .3 )um, length

of tooth row 49.2 (Fig. 2) and laciniae with

6 spicules at the tip, none on edges or sides

(Fig. 3). All three structures are sclerotized,

but much thinner and more membranous
than those of North American species.

Two additional female specimens, A and

B, from Hinchinbrook Island represent an

undescribed species with toothless mouth-

parts. Mandibles are 66.5-75.8 txm long,

18.6 wide, poorly sclerotized, with 6 minor

undulations rather than teeth on the dis-

tolateral margin (Fig. 4, specimen A). The

hypopharynx is lightly sclerotized, 1 4 coarse

spicules per side rather than teeth, longest

one 13.3 nm.. Length of hypopharynx from

base ofproximal spicule to tip 42.5 and 43.9

Aim, tip blunt with short spicules, width at

base of proximal spicule 23.9 and 23.9 nm
(Fig, 5, specimen A; Fig. 6, specimen B).

Laciniae have spicules at the tip only.

Discussion

Mouthparts of female Corethrella that

have been illustrated elsewhere show the

mandibles and hypopharynx to be toothed,

the labrum terminating in two sclerotized

peg-like structures, and the laciniae to be

poorly sclerotized, toothless blades with

spicules over the entire medial and lateral

surfaces (Miyagi 1975, Cranston 1980,

McKeever 1986). In contrast, the toothless

mandibles, hypopharynx, and laciniae of the

two females from Hinchinbrook Island su-

perficially resemble those of male C. ap-

pendiculata Grabham and C. wirthi Stone

(McKeever 1986), but differ from them in

the following particulars: the mandibles of

females have no spicules, whereas those of

males have spicules at the tip; spicules on

the edge and tip of the hypopharynx of fe-

males are fewer, stouter and shorter than

those of males; and the laciniae of females

have fewer spicules than those of males.

Female Corethrella with toothless

mouthparts are nonbiting and, therefore,

autogenous. Those with armored mouth-

parts are assumed to be hematophagous, and

four species have been found either with

blood in the digestive tract [C japonicum

Miyagi (Miyagi 1975) and C. buettikeri

Cranston (Cranston 1980)], or observed

feeding [C brakeleyi (Coquillett) and C. wir-

thi (McKeever and Pound 1979)]. Hema-
tophagous species may also be autogenous,

e.g. C appendiculata is autogenous and has

Figs. 1-6. SEM photomicrographs of mouthparts of female Corethrella from Australia. 1. Hypopharynx of

C. sp. near urumense, ventral view. 2. Hypopharynx of C. sp. near marksae. dorsal view. 3. Lacinia of C. sp.

near marksae. 4. Mandible of C sp., specimen A. 5. Hypopharynx of C sp., specimen A, dorsal view. 6.

Hypopharynx of C. sp., specimen B, ventral view. White lines equal 8 jum.



VOLUME 93, NUMBER 4 927



928 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

been colonized (McKeever 1985). Howev-
er, adult C. wirthi raised from eggs laid by

females that had obtained a blood meal in

the wild and maintained under conditions

identical to those for C. appendiculata failed

to reproduce. To our knowledge, no one has

attempted to colonize other known hema-

tophagous species, so whether or not they

are autogenous is unknown. Presumably, C.

appendiculata and any other autogenous

species with toothed mouthparts would, if

they obtain subsequent blood meals after

the autogenous first cycle, undergo one or

more additional gonotrophic cycles.

Downes (1971) suggests that, since blood-

sucking flies have a somewhat uniform pro-

boscis with blade-like, apically toothed

mandibles, the ancestral Diptera were biting

flies and nonbiting that occurs in all families

is a secondary characteristic. He further

states that the typical proboscis of biting

forms is readily subject to reduction, with

the mandibles being the most sensitive el-

ements. In such cases, mandibles become

reduced in size and degree of sclerotizaiton,

and the teeth are reduced to bristles or lost

entirely. Reduction and/or loss of armature

of the mouthparts must be accompanied by

development of the process of autogeny, al-

though many autogenous species and genera

in all families retain the blood sucking habit

(Downes 1958). Autogeny enab es both bit-

ing and nonbiting species to exist beyond

the ecological range of nonautogenous bit-

ing species, e.g. where hosts are difficult to

find or in cold windy environments, and has

occurred in all periods of history (Downes

1971).

The two named species of Australian Co-

rethrella probably are obligate autogenous

forms. Even though they have toothed

mouthparts, the structures may be too flex-

ible and membranous to penetrate a host.

North American species with heavier, more
rigid mandibles require several minutes to

penetrate the skin of tree frogs (Hyla) (pers.

obs.). Thus, all Australian forms would be

capable of only the autogenous ovarian cy-

cle and the species with toothed mouthparts

would not have a competitive advantage.

Conditions that led to development of the

form with toothless mouthparts, specimens

A and B, are unknown. However, the fact

that it now coexists with the toothed form,

C. sp. near C. marksae "Cooktown form,"

on Hinchinbrook Island indicates that it

could successfully compete elsewhere, and

additional collecting will undoubtedly show
it to be more widely distributed.
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TAXONOMIC STATUS OF THE NEARCTIC SPECIES OF
AUXANOMMATIDIA BORGMEIER (DIPTERA: PHORIDAE)

Jeffrey K. Barnes

Biological Survey, New York State Museum, The State Education Department, Albany,

New York 12230.

Abstract. —A transcontinental series of specimens of the phorid genus Auxanommatidia
is described and compared with the holotype of ^. californica Borgmeier and the original

descriptions of A. californica and A. boreotis Beyer. Male genitalia and ovipositors of

eastern, midwestem, and western specimens are also compared. It is concluded that all

specimens represent a single species, A. boreotis, and A. californica is treated as a junior

synonym.

Key Words: Diptera, Phoridae

Borgmeier (1924) erected the genus Aux-

anommatidia (Phoridae: Metopininae) to

receive his Brazilian species ^4. variegata. In

this genus, the frons is narrowed anteriorly

and its median longitudinal furrow is dis-

tinct; it has two proclinate supra-antennal

bristles plus three transverse rows of four

bristles each, the lower interfrontal bristles

are vertically below the lower fronto-orbital

bristles; the large eyes have ommatidia

gradually increasing in size from top to bot-

tom; flagellomere 1 is oval and has a dorsal

arista; the ovipositor is chitinized, and the

circi of the male are long and narrow. Sub-

sequently, six more species in the genus from

Brazil (Borgmeier 1925, 1958, Borgmeier

and Prado 1975), two from the United States

(Beyer 1963, Borgmeier 1963), and one from

Nigeria and Senegal (Disney 1 98 1) were de-

scribed. One species, A. myrmecophila
Borgmeier, has been taken at a Camponotus
rufipes Fpbricius nest (Hymenoptera: For-

micidae), a fact that led Borgmeier (1971)

to speculate that the entire genus is probably

myrmecophilous.

Following the recent discovery of speci-

mens of Auxanommatidia in New York

State, it was realized that Borgmeier's (1963)

description oi A. californica is remarkably

similar to Beyer's (1963) description of ^.

boreotis. The main differences are the darker

halteres and flagellomere 1 in the former

species. The holotype oiA. californica agrees

well with its original description. The ho-

lotype oi A. boreotis apparently is lost. It

originally came from the R. R. Dreisbach

collection, but it is not among Dreisbach's

collection at Michigan State University

(MSU), nor is it at the United States Na-

tional Museum (USNM), Cornell Univer-

sity (CU), or the Zoologisches Forschungs-

institut und Museum Alexander Konig in

Bonn (ZFMK).
I have gathered a series of 16 Nearctic

specimens o^ Auxanommatidia: UNITED
STATES: CALIFORNIA: "SFksStaAna,"

16 July 1947 (female holotype), A. L. Me-
lander, USNM. San Bernardino County,

Camp Baldy, 1 July 1945 (male paratype),

A. L. Melander, USNM. MICHIGAN: Liv-

ingston County, E. S. George Reserve, 24

July 1943 (female), G. Steyskal, USNM.
NEW YORK: Washington County, El-

dridge Swamp, 43°03'34"N, 73°21'27"W, 30
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July-6 August 1985 (male), J. K. Barnes,

New York State Museum (NYSM). Wash-
ington County, Camden Valley, 43°08'52"N,

73°15'52"W, 244 meters, 24 July 1989

(male), 3 August 1989 (female), H. Romack,
NYSM. Washington County, Murray Hol-

low, 43°05'49"N, 73°17'02"W, 224 meters,

19 July 1989 (female), H. Romack, NYSM.
OREGON: Baker County, L. Goose Creek,

36 miles southeast of Union, 4000 feet, 24-

31 August 1975 (male), E. J. Davis, Wash-
ington State University (WSU), malaise trap

baited with CO2. Union County, Ladd Can-

yon, 1 4 miles south ofLa Grande, 4200 feet,

17-23 August 1975 (male), E. J. Davis,

WSU, malaise trap baited with CO2. Union
County, Whiskey Creek, 23 miles south

southwest of La Grande, 5120 feet, 17-23

August 1975 (male), E. J. Davis, WSU, mal-

aise trap baited with CO2. Union County,

L. Lick Creek, 26 miles southeast of Union,

4200 feet, 24-31 August 1975 (male), E. J.

Davis, WSU, malaise trap baited with CO..

WASHINGTON: Chelan County, Skinney

Creek, 1 mile north ofLeavenworth, 1 8 July

1972 (male, female), W. J. Turner, WSU.
Okanogan County, Salmon Meadows, 9

miles northwest of Conconully, 4500 feet,

23-26 August 1975 (male, 2 females), W.
J. Turner, malaise trap with dry ice.

The five specimens from New York and

Michigan have light yellow halteres, and fla-

gellomere 1 is yellow basally and brown api-

cally. According to Beyer's description, the

halteres of A. boreotis, which he described

from a single female from Michigan, are

yellow, whereas flagellomere 1 is solid black.

The holotype and paratype ofA. californica,

both from California, show opposite color

characters; in the holotype, the halteres and

flagellomere 1 are brown, whereas in the

paratype they are yellow. The Oregon and
Washington specimens have light brown to

yellow halteres, and flagellomere 1 is yellow

basally and brown apically.

To test the hypothesis that the Nearctic

specimens belong to a single, color variable

species, terminalia of specimens from across

^^^
Figs. 1-3. Auxanommatidia boreotis. 1. Male ter-

minal complex, left lateral view [Camden Valley,

Washington County, New York]. 2. Extended ovipos-

itor of dry, pinned female, dorsal view [E. S. George

Reserve, Livingston County, Michigan]. 3. Withdrawn

ovipositor of macerated female, dorsal view [Salmon

Meadows, Okanogan County, Washington].

the continent were dissected and compared.

The epandria, hypandria, and other struc-

tures of the male terminal complex (Fig. 1

)

of a specimen from Camden Valley, Wash-
ington County, New York (yellow halteres,

brown-tipped flagellomere 1) appear to be

identical with those of a male from Salmon

Meadows, Okanogan County, Washington

(light brown halteres, mostly brown flagel-

lomere 1). Likewise, there are no apparent

geographic differences in the structure ofthe

ovipositor. In dry, pinned females, the ovi-

positor is usually withdrawn and appears to

be merely a dark brown to black, shining

triangle without lateral lobes, as illustrated

by Beyer (1963). In the specimen from Liv-

ingston County, Michigan (yellow halteres,

brown-tipped flagellomere 1), the ovipostor

is extended, and lateral lobes are barely ev-

ident (Fig. 2). Macerated specimens from

Murray Hollow, Washington County, New
York (yellow halteres, brown-tipped flagel-

lomere 1), Whiskey Creek, Union County,

Oregon (brown halteres, nearly solid brown
flagellomere 1), and Salmon Meadows,
Okanogan County, Washington (brown hal-

teres, nearly solid brown flagellomere 1) all

have identical ovipositors with evident lat-

eral lobes (Fig. 3).
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Furthermore, this Nearctic species of

Auxanommatidia is distinct from the other

eight described species. It can be separated

from A. abbreviata Borgmeier and A. med-

leri Disney by its much larger costal index,

which ranges from 0.40 to 0.44 (0.43 ± 0.02,

n = 1 6; mean ± SD); in the latter two species

it ranges from 0.33 to 0.38. [The costal in-

dex is the ratio of the length of the costa to

the length of the wing, both lengths mea-

sured from the basicosta.] It can be sepa-

rated from A. hardicki Borgmeier, A. inter-

media Borgmeier & Prado, A. myrmecophila

Borgmeier, and A. pilifemur Borgmeier by

the large ratio of the length of the first costal

segment to the length ofthe second and third,

which ranges from 1.3 to 1.8 (1.4 ± 0.1, n

= 16); the first segment is the same length

as the second and third in the other four

species. The Nearctic species lacks the long,

recurved mid-metatarsal sensorial bristles

found in A. variegata, and it is readily dis-

tinguished from A. simplex Borgmeier by

the shape of the ovipositor and its some-

what larger costal index and wing length,

which ranges from 1.6 to 2.2 mm (1.89 ±
0.18, n= 16).

The Nearctic specimens of Auxanom-
matidia belong to a single species that is

distinct from other described Auxanom-
matidia. A. californica Borgmeier (Decem-

ber 1963) is a junior synonym of^. boreotis

Beyer (July 1963) (New Synonymy).
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(DIPTERA: SPHAEROCERIDAE: LIMOSININAE)
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Abstract.—ThQ subgenus Leptocera {Archicollinella) Duda is revised and elevated to

generic status. Three species are recognized: Archicollinella caerulea (Duda) from Chile

and Peru; Archicollinella dolichoptera (Richards) from Chile and Peru; and Archicollinella

penteseta (Richards) new combination from Great Britain. Leptocera phycophila Richards

is a junior synonym oi Archicollinella caerulea. All species are described and a key to the

species is provided. The taxonomic status o{ Leptocera longipennis Duda is discussed and

the species is considered incertae sedis. Lectotypes are designated {or Archicollinella caeru-

lea and Leptocera longipennis.

Key Words: Sphaeroceridae, Limosininae, Archicollinella, systematics

The genus Archicollinella Duda includes

three species similar in both habitus and

habitat to the sphaerocerid genus Thora-

cochaeta Duda. Both genera are found in

marine algae deposited in the supralittoral

zone (wrack), and most samples in which

specimens o^Archicollinella are present also

include Thoracochaeta in large numbers.

Although the two genera have been con-

fused in the past, they are not closely related

and can be most easily distinguished by the

number and arrangement of dorsocentral

bristles. Thoracochaeta has four pairs of

dorsocentral bristles, with the anterior pair

inclinate, whereas Archicollinella has three

pairs, all reclinate.

Genera which resemble Archicollinella in

possessing three pairs of dorsocentral bris-

tles include Phthitia Enderlein (= Kimosina

Rohacek), Opacifrons Duda, and Pseudo-

collinella Duda. Archicollinella differs from

these and other similar genera in having two

large katepistemal bristles, a row of stout

bristles near the anteromedial margin of

pedicel, and in the relatively anterior place-

ment of the first pair of dorsocentral bristles

(located approximately midway between the

anterior margin ofthe scutum and the trans-

verse suture).

The purpose of this paper is to formalize

the elevation of Archicollinella from sub-

generic to generic status, and to provide

complete descriptions for its constituent

species, including the previously unknown
male o{Archicollinella penteseta (Richards)

(new combination). Two ofthe three species

o{ Archicollinella, A. caerulea (Duda) and

A. dolichoptera (Richards), are relatively

common in seaweed along the Pacific coast

of South America from Peru to southern

Chile. The third species, A. penteseta, is

known only from two localities in Great

Britain. These three species form a closely

related, clearly monophyletic group, with-

out clear affinities to other limosinine gen-

era.
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Morphological terminology used in spe-

cies descriptions follows McAlpine (1981)

with the exception of the chaetotaxy of the

head, which follows Rohacek (1982). Mor-
phological abbreviations used in the de-

scriptions are as follows: <2— anterior setae;

ac— acrostichal setae; a^— anterodorsal se-

tae; <2<^5— additional orbital setulae; av—an-
teroventral setae; C2— second costal sector

(R1-R2+3); C3— third costal sector (R2+3-

R4+5); <^— dorsal setae; 6^c— dorsocentral se-

tae; //r— interfrontal setae; oc— ocellar se-

tae; occ^— external occipital setae; oca— in-

ternal occipital setae; ors— orbital setae; p—
posterior setae; poc— postocellar setae; pvt—

postvertical setae; v— ventral setae; v/^— ex-

ternal vertical setae; v//— internal vertical

setae.

Sources of material and collection abbre-

viations used in the paper are as follows:

BMNH— British Museum (Natural Histo-

ry), London, England; CAS— California

Academy of Sciences, San Francisco, CA,
USA; CNC—Canadian National Collection

of Insects, Biosystematics Research Centre,

Ottawa, Canada; GUE— University of

Guelph, Guelph, Ontario, Canada; SMTD-
Staatliches Museum fiir Tierkunde, Dres-

den, Germany.

Genus Archicollinella Duda

Archicollinella Duda 1925: 64 (as subgenus

of Leptocera Olivier). Type species: Lep-

tocera caerulea Duda (subsequent desig-

nation by Richards, 1930: 296).

Schnuseella Duda 1925: 64 (as subgenus of

Leptocera Olivier) (nomen nudum).

Generic diagnosis. — Limosininae with

well-developed facial tubercle and protrud-

ing lower facial margin. Thorax with 3 pairs

(1 presutural, 2 postsutural) of ^c 4 mar-

ginal scutellar setae. Mid-tibial chaetotaxy:

proximal third with short ad, longer pd\ 1

long ad^^. midpoint; distal third with 1 long

ad, 1 long pd\ 1 apicoventral; 1 small an-

terior apical bristle in both sexes. Addition-

ally, male mid-tibia with distal ventral patch

of short setae that mesh with patch on fe-

mur, female mid-tibia with 1 mid-v. Mid-
basitarsus of both sexes with short mid-v.

Male genitalia with prominent, bare, pos-

teroventrally curved ventral cereal projec-

tions.

Generic description.— Body length 1 .8-2.5

mm. Frons with 4 pairs oUfr, first pair short,

proclinate, subsequent pairs progressively

more inclinate; 1-4 pairs of minute, procli-

nate additional interfrontal setulae lateral

to anterior ifr; oc, vte, vti, occe, occi strong,

poc diverent, pvt short cruciate, 2 pairs of

strong ors, 3^ pairs of ads anteromedial to

ors. Facial tubercle well-developed between

antennal bases; facial carina and protruding

lower facial margin delimiting well-defined

antennal foveae; vibrissae shorter than or

equal to ors, sub-vibrissal setae about half

as long as vibrissae. Gena with 1 long, 1

short upturned seta anteriorly, long seta al-

most as long as vibrissae, 4-6 marginal ven-

tral genal setulae present; eye height 1.3-1.6

times genal height. Antennae with arista

short pubescent, shorter than or equal to

anterior-posterior length of head. Scutum
with 3 pairs (1 presutural, 2 postsutural) of

dc, presutural ac in 6-8 rows, one pair of

prescutellar ac longer than other pairs ofac.

Postpronotum with 1 long inclinate inner

bristle, 1 long reclinate outer bristle, 1 short

anterior bristle. Scutellum same colour as

scutum, wider than long, bare dorsally, with

4 marginal setae. Katepistemum with 2 long

d, the posterior one slightly longer, 1 seta

near centre shorter than dorsal setae, several

fine ventral setae. Mid-trochanter with 1

small a, 1 small av, mid-femur with 4 preap-

ical setae, 2 ad, 1 av, 1 p. Proximal end of

femur in male with dense ventral patch of

short, stout setae (Fig. 1). Male mid-tibial

chaetotaxy: proximal third with short ad,

longer pd distal to this, 1 long ad at mid-

point, distal third with 1 long ad, 1 long pd,

distal ventral region with patch of short,

stout setae, 1 short apicoventral bristle (Figs.

1, 2). Female mid-tibial chaetotaxy: prox-

imal third with long ad, longer d distal to
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this, 1 long ad at midpoint, distal third with

1 long ad, 1 long pd; 1 mid-v, 1 long api-

coventral seta (Figs. 3, 4). Mid-basitarsus in

both sexes with short mid-v. Wings sexually

dimorphic, length-width ratio 2.3-2.7 in

male (Fig. 5), 2.7-3. 1 in female (Fig. 6); cos-

tal ratio (C2:C3) 1.5-2.1; C ending at wing

apex, surpassing R4+5 by 2-4 times width

of vein; C2 dorsally with double row of short

dark setae, shorter and sparser distally, dor-

sal seta on humeral crossvein at or near

junction with C; R2+3 slightly curved dis-

tally, R4+5 straight; cell d posteriorly an-

gulate, long appendiculate; anal vein long,

extending nearly to wing margin; alula nar-

row. Halter yellow. Abdominal tergites very

sparsely haired, 4-5 long hairs near pos-

terolateral margins. Sternites narrow,

sparsely covered with long hairs.

Male genitalia. —Posterior margin of

stemite 5 straight or convex, sparsely setose

overall, posteromedial setae denser (Fig. 1 2).

Synstemite 6 + 7 with bifid ventral exten-

sion under posterior margin of stemite 5,

anterior branch expanded on dextral end,

posterior branch extending dextrally almost

as far as expansion of anterior branch (Fig.

21), synstemite narrowly fused dorsally to

stemite 8. Epandrium setulose, with long

setae overall, setae longer ventrally (Fig. 8);

cerci separated from epandrium by distinct

suture, cerci ventrally with bare, polished,

curved ventral cereal projections (Figs. 7,

8); sub-anal plate very narrow medially. Hy-
pandrium tripartite, median segment an

elongate triangular or hexagonal plate, hy-

aline laterally, more heavily sclerotized me-
dially, posterolateral segments small, more
darkly sclerotized, articulated but not fused

to epandrium (Fig. 11). Stemite 10 small.

Surstylus a ventrally elongate triangle (Fig.

10), articulating with epandrium and ster-

nite 10 (Fig. 7). Paramere robust, broadly

rounded or pointed ventrally, with anterior

concavity near midpoint, with small addi-

tional sclerite (suspensory sclerite) project-

ing ventrally from upper edge of concavity,

articulating with posterolateral comer of

hypandrium (Fig. 9). Aedeagal apodeme
stout. Distiphallus with several rows ofsmall

denticulate projections, dorsal sclerites nar-

row, pointed, joined at basal region of dis-

tiphallus by dorsal and ventral arches, form-

ing a complete ring; basiphallus slightly

dilated at both ends, more heavily sclero-

tized dorsally (Fig. 9). Ejaculatory apodeme
small.

Female genitalia.— Stemite 7 straight or

broadly rounded posteriorly. Tergite 8 tri-

partite, median portion pale, roughly oval,

lateral portions darker, wider ventrally, set-

ulose with sparse long setae (Fig. 1 3); ster-

nite 8 roughly rectangular, pale, setulose (Fig.

1 5). Epiproct small, flat or concave dorsally,

setulose, with 2 long setae. Cerci longer than

wide, not fused to epiproct, densely setu-

lose, with 4-6 long apical, dorsal, and lateral

setae. Hypoproct pale, broader than long,

fine setulose, with short setae posteriorly.

Intemal vaginal sclerotization (spectacles-

shaped sclerite) hyaline, indistinct. Three

(2+1) spermathecae present, subquadrate,

with two pronounced lateral invaginations,

almost meeting in centre, spermathecae

swollen at insertion ofduct, sclerotized por-

tion of ducts short (Fig. 14).

Key to the Species of
Archicollinella Duda

1. Males with posterior margin of stemite 5

broadly rounded, deflected ventrally, para-

meres broadly rounded in distal half. Female

stemite 7 rounded posteriorly and stemite 8

broader than long caerulea (Duda)

- Males with posterior margin ofstemite 5 straight,

not deflected ventrally, parameres sharply

pointed in distal half Female stemite 7 straight

posteriorly, if broadly rounded posteriorly, then

stemite 8 much longer than broad 2

2. Males with parameres extending ventrally be-

yond ventral end of surstyli (Fig. 1 7), surstyli

narrowed apically, with 9-12 lateral setae. Fe-

male stemite 7 straight posteriorly, stemite 8

broader than long doUchoptera (Richards)

- Males with parameres extending ventrally only

to ventral end of surstyli (Fig. 26), surstyli

rounded or spatulate apically, with 4-8 lateral

setae. Female stemite 7 broadly rounded pos-

teriorly, stemite 8 much longer than broad . .

penteseta (Richards)
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Figs. 1-6. Archicollinella caerulea (Duda). 1. Male mid-femur, tibia, and basitarsus, anterior. 2. Male mid-

tibia, dorsal. 3. Female mid-femur, tibia, and basitarsus, anterior. 4. Female mid-tibia, dorsal. Scale bar = 0.25

mm. 5. Male wing, dorsal. 6. Female wing, dorsal. Scale bar = 0.5 mm.

Archicollinella caerulea (Duda)

(Figs. 1-15)

Leptocera {Archicollinella) caerulea Duda
1925: 65.

Leptocera (Archicolinella) coerulea (Duda),

Richards, 1931: 62 (lapsus).

Archicollinella caerulea (Duda), Marshall

and Smith, 1991.

Leptocera (Limosina) phvcophila Richards

1963:241 (syn. Marshall and Smith 1991).

Kimosina phycophila (Richards), Rohacek,

1983: 116.

Description.—With characters of the ge-

nus as defined above. Body length 2.0-2.4

mm. Frons reddish-brown anteriorly, black

posteriorly, gray pruinose; ifr approximate-

ly equal in length, 3-4 pairs of minute, pro-

clinate additional interfrontal setulae lateral

to anterior ifr, poc half as long as oc, pvt

slightly shorter than poc. Face dark brown,

gray pruinose; vibrissae relatively short.

Gena reddish-brown, gray pruinose except

for reddish-brown triangle anteroventral to

eye; eye height about 1 .3 times genal height.

Scape and pedicel light brown, sparsely gray

pruinose; first flagellomere light brown, pu-

bescent; arista about as long as head. Scu-

tum dark brown, gray pruinose; presutural

ac in 8 rows, one pair of prescutellar ac

about twice as long as remaining pairs. Tho-

racic pleurites brown-black, gray pruinose,

sutures yellow. Legs light brown, sparsely

gray pruinose, coxae, trochanters, and tarsi

yellowish-brown. Wing membrane milky,

light fuscous; length-width ratio 2.5-2.7 in

male, 3.0-3.1 in female; costal ratio (C2:

C3) 1.6-2.1 (Figs. 5, 6). Abdominal tergites

black-brown, gray pruinose. Stemites nar-

row, same colour as tergites.

Male genitalia. —Posterior margin of

stemite 5 rounded, with dense long setae

(Fig. 12), posterior margin of sternite

strongly deflected ventrally. Anterior branch

of bifid extension of synstemite 6 + 7 with

two oblique bands extending ventromedi-

ally, articulating with inner surface of pos-

teromedial margin of stemite 5 (Fig. 1 2).

Cerci broadly rounded, setulose, with 1 long,

2-3 short setae; sub-anal plate very narrow

medially (Fig. 7). Hypandrium with median

portion broadly triangular, more heavily

sclerotized medially, and posterolateral

plates small, rounded, more darkly sclero-
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tized (Fig. 1 1 ). Stemite 1 swollen in dorsal

region of arms (Fig. 7). Surstylus narrowed

ventrally, slightly deflected laterally in ven-

tral half, with one stout posterior seta at

point of deflection, several scattered lateral

setulae, 5-7 medial setulae ventrally (Fig.

10). Paramere broadly rounded ventrally,

except for small, dark ventral point, upper

portion of paramere curved anteriorly to

articulation with aedeagal apodeme. Ae-

deagal apodeme sharply deflected ventrally

in anterior half (Fig. 9).

Female genitalia.— Sternite 7 broadly

rounded posteriorly. Tergite 8 with median
portion bare, pale, roughly oval, lateral por-

tions darker (Fig. 13); stemite 8 roughly

rectangular, broader than long, very pale,

bare laterally, fine setulose medially, with 2

very short, 2 slightly longer setulae (Fig. 1 5).

Epiproct small, pale, concave dorsally, with

narrow posteromedial invagination extend-

ing approximately halfway to anterior mar-

gin, epiproct fine setulose, with 2 long setae

(Fig. 13). Hypoproct very pale, slightly

smaller than stemite 8, rounded posteriorly,

fine setulose, with 4-6 setulae posteriorly

(Fig. 1 5). Lateral invaginations ofeach sper-

matheca unequal in size, one markedly lon-

ger and wider (Fig. 1 4).

Type material.— L. caerulea: Lectotype

(here designated): 5 in SMTD collection la-

belled "Chile, Antofagasta, O. Garlep, c."

[green]; "Coll. W. Schnuse. 1911 -3" [green];

"A. caemlea 6 det. Dr. O. Duda" [white];

"Typus" [red]; "Lectotype Archicollinella

caemlea des. Marshall manuscript 1985"

[yellow]. 5 paralectotypes (3 (5, 2 9): same
collection data as lectotype (SMTD).

L. phycophila: Holotype {6): CHILE, San-

tiago, El Tabo, on seaweed, 12. v. 1961, G.

Kuschel (BMNH). Allotype (9) and 9 para-

types (5 $, 4 9): same data as holotype; 3 <3

paratypes: PERU, Lima, NW Caneto, at sea

level, 13.ix.l954. Schlinger & Ross (allo-

type, 8 paratypes in BMNH, 2 paratypes in

CAS).

Other material examined.— CHILE, An-
tofagasta, La Portada Beach, 23°3rS,

70°27'W, 20. viii. 1 966, Schlinger & Irwin (73

<3, 1 48 9, CAS); Santiago, El Tabo, 23. i. 1 957,

L. E. Pena (95 5, 211 9, CNC); Caldera, 25-

27.iv. 1956(11^,3 9, CNC); Niebla, 1 7 km
W Valdivia, wrack on Playa Chica,

1 5.xi. 1 989, S. A. Marshall (42 5, 1 7 9, QUE);
Niebla, 15 km W Valdivia, wet wrack on

beach and upper beach pan, 14-1 5.xi. 1 989,

S. A. Marshall (26 (5, 10 9, CUE).
Distribution.— Chile, Peru.

Comments.— Although the lectotype of

Leptocera caerulea was labelled as such in

1985, this act in itself does not constitute

lectotype designation (ICZN 1985, Article

72b [vii]). Thus, the lectotype ofL. caerulea

is fixed in the present publication.

Archicollinella dolichopiera (Richards)

(Figs. 16-24)

Leptocera (Limosina) dolichoptera Rich-

ards 1963: 240.

Kimosina dolichoptera (Richards), Roha-

cek, 1983: 116.

Archicollinella dolichoptera (Richards),

Marshall and Smith, 1991.

Description.— With characters of the ge-

nus as defined above. Body length 1.8-2.3

mm. Frons yellow anteriorly, light brown
posteriorly; first pair of ifr short, remaining

pairs almost twice as long; 1-2 pairs of mi-

nute additional interfrontal setulae lateral

to anterior ifr\ poc half as long as oc, pvt

slightly shorter than poc. Face light brown,

pruinose; facial tubercle developed but

small; vibrissae about as long as ors. Gena
yellow, light brown pminose, eye height

about 1 .6 times genal height. Scape and ped-

icel yellow-brown; first flagellomere light

brown, pubescent; arista about as long as

head. Scutum light brown, lightly pruinose;

presutural ac in 6 rows, stout and short; 1

pair ofprescutellar ac longer than remaining

pairs. Thoracic pleurites yellow-brown,

anepistemum, anepimeron darker brown.

Legs yellow-brown. Wing membrane slight-

ly milky, very light fuscous; length-width

ratio 2.3-2.6 in male, 2.6-2.9 in female;

costal ratio (C2:C3) 1.5-1.8. Abdominal
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..r^''
]~^^'

f'^'f'l"''''^^
'^^'^/^^ (Duda). 7. Male genitalia, posterior. 8. Male genitalia, left lateral 9 Male

TtXnT±\'f: ''^?',
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'''' '''''''
' '• ^^'^ ^y^--<^r.ul ventral. 12. Male L™

ventra AA . H ^' . LT'^'
^^''"•"^'•^' d^^-^^'- l^- Female spermathecae. 15. Female terminalia,
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basiphallus; CE, cercus; DP, d.st.phallus; EA, ejaculatory apodeme; EPepandnum, EPT epiproct; HP, hypandnum; HPT, hypoproct; PM, paramere; SS, surstylus- ST siemite- SUSsuspensory sclente; TG, tergite; VP, ventral cereal projection. Scale bars = mm
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tergites dark brown, shining. Stemites nar-

row, same colour as tergites.

Male genitalia. —Fifth sternite with

straight posterior margin, not deflected pos-

teroventrally, sparsely setose overall, pos-

teromedial setae shorter, slightly denser (Fig.

21). Anterior branch of bifid extension of

synstemite 6 + 7 with very pale oblique ven-

tromedial bands (Fig. 21). Cerci slightly

convex, setulose, with 1 long, 2-3 short se-

tae; subanal plate very narrow medially (Fig.

16). Hypandrium with medial portion an

elongate hexagon, more heavily sclerotized

medially, posterolateral portions roughly

triangular (Fig. 20). Sternite 10 small, arms

narrow dorsally (Fig. 16). Surstylus nar-

rowed ventrally, with 9-12 long, lateral se-

tae on rounded projection in upper half, 4-

5 shorter medial setae ventral to these (Fig.

19). Paramere extending ventrally beyond

ventral end of surstylus (Fig. 1 7), sharply

pointed ventrally, wider dorsally, upper

portion of paramere bent anteriorly, artic-

ulating with aedeagal apodeme. Aedeagal

apodeme broadly curved ventrally in an-

terior half (Fig. 18).

Female genitalia.— Sternite 7 with straight

posterior margin (Fig. 24). Tergite 8 with

median portion bare, pale, roughly oval, lat-

eral portions darker (Fig. 22); sternite 8 same
colour as sternite 7, rectangular, broader

than long, setulose, with posterior row of 4

short, strong setae (Fig. 24). Epiproct flat,

slightly wider than long, setulose except for

bare, posteromedial indentation, with 2 long

setae (Fig. 22). Hypoproct pale, a narrow

transverse strip, setulose, with 6-8 short se-

tae (Fig. 24). Lateral invaginations of each

spermatheca approximately equal in size

(Fig. 23).

Type material.— Holotype (6): PERU,
Lima, NW Caneto, at sea level, 13.ix.l954,

Schlinger & Ross (CAS). Allotype (9) and 9

paratypes (7 S, 2 9): same data as holotype

(allotype, 5 paratypes in CAS, 4 paratypes

in BMNH).
Other material examined.—CHILE, An-

tofagasta. La Portada Beach, 23°31'S,

70°27'W, 20.viii.l966, Schlinger and Irwin

(4 <5, 8 9, CAS); Magallanes, 3.xi.l955, L. E.

Pena (5 3, 9 9, CNC).
Distribution.— Peru, Chile.

Comments.—The specimens from Chile

are morphologically distinct from the type

series from Peru. The Chilean specimens

have a yellow scutum, with the dc and ac

shorter and stouter than in the types. There

are no discernible diflerences in the genitalia

or other characters; the two forms probably

represent geographic variation within the

species.

Archicollinella penteseta (Richards),

New Combination
(Figs. 25-33)

Leptocera ( Thoracochaeta) penteseta Rich-

ards 1929: 174.

Thoracochaeta penteseta (Richards), Papp,

1984: 85.

Description.—With characters of the ge-

nus as defined above. Body length 2.0-2.5

mm. Frons yellow-brown anteriorly, light

brown posteriorly; first pair of ifr short, re-

maining pairs progressively longer; 1-2 pairs

ofminute additional interfrontal setulae lat-

eral to anterior ifr\ oc, vte, vti strong, occe,

occi weaker and shorter, poc weakly devel-

oped, pvt minute. Face light brown, pru-

inose; vibrissae longer than ors. Gena light

brown, pruinose; eye height about 1.5 times

genal height. Scape and pedicel light brown;

first flagellomere light brown, pubescent;

arista slightly shorter than head. Scutum
medium brown, gray pruinose; presutural

ac in 6 rows. Thoracic pleurites same colour

as scutum. Legs yellow-brown, femora
slightly darker. Wing membrane slightly

milky, very light fuscous; length-width ratio

2.5 in male, 2.7-2.9 in female; costal ratio

(C2:C3) 1.7-2.0. Abdominal tergites dark

brown, shining. Stemites narrow, same col-

our as tergites.

Male genitalia. —Fifth sternite with

straight posterior margin, not deflected pos-

teroventrally, sparsely setose overall, pos-
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lateS' 8 M.le . H
donchopera (R.chards). 16. Male genUaha, posterior. 17. Male genitalia, left

-> M.,1 ; \ "T '''"'^"'' ''^' "'"'• '^- ^"'" ^""^y'"^' '^ft •^t^'-^'- 20. Male hypandrium, ventral2L Male sternue 5 and synstemite 6 + 7, ventral. 22. Female terminal.a, dorsal. 23. Female spermathecae 24Female termmalia, ventral. Scale bars = 0. 1 mm.
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teromedial setae shorter and denser (Fig.

30). Anterior branch of bifid extension of

synstemite 6 + 7 with two oblique bands ex-

tending ventromedially, articulating with

inner surface of posteromedial margin of

stemite 5 (Fig. 30). Cerci slightly convex,

setulose, with 1 long, 1-2 short setae; sub-

anal plate very narrow medially (Fig. 25).

Hypandrium with medial portion elongate,

more heavily sclerotized medially, postero-

lateral portions roughly triangular (Fig. 29).

Stemite 10 small, arms narrow dorsally (Fig.

25). Surstylus broadly rounded ventrally,

slightly curved laterally in ventral half, with

4-8 long, lateral setae in upper half, several

short, medial setae in ventral half (Fig. 28).

Paramere extending ventrally as far as ven-

tral extremity of surstylus, sharply pointed

ventrally, wider dorsally, upper portion of

paramere articulating with aedeagal apo-

deme. Aedeagal apodeme broadly curved

ventrally in anterior half (Fig. 27).

Female genitalia.— Stemite 7 with round-

ed posterior margin (Fig. 33). Tergite 8 with

median portion pale, roughly oval, lateral

portions darker (Fig. 31); stemite 8 same
colour as stemite 7, much longer than broad,

setulose, with 4 short lateral setae (Fig. 33).

Epiproct flat, slightly wider than long, with

deep, narrow, posteromedial indentation,

pale, setulose, with 2 long setae (Fig. 31).

Hypoproct pale, broader than long, setu-

lose, with 8-10 short setae (Fig. 33). Lateral

invaginations of each spermatheca unequal

in size, one markedly longer and wider (Fig.

32).

Type material. —Holotype (9): EN-
GLAND, Scilly Islands, Corregan, in nest

of cormorant, 12.vii.l927, O. W. Richards

(BMNH).
Other material examined.—ENGLAND,

Newcastle, 15.vii.l946, G. O. Varley, on

hides (1 5, 3 9, BMNH).
Distribution.— Great Britain (see com-

ments).

Comments.—The type specimen (exam-

ined in September 1989) is extensively

damaged, with the head and abdomen miss-

ing. However, four other specimens in the

British Museum collection were compared
to the type and found to be conspecific.

The apparent rarity of this species in Brit-

ain, and the known distribution ofthe other

species of Archicollinella, suggest that A.

penteseta may be native to South America,

with the species being introduced by sea to

the British Isles. Sampling of supralittoral

habitats on the east coast of South America
may result in additional material ofthis spe-

cies.

Richards initially assigned L. penteseta to

the subgenus Thoracochaeta, despite the fact

that the first dorsocentral bristles are not

inclinate. Pitkin (1988: 42) noted this, and

although he suggested that the species be-

longs in a separate genus, retained penteseta

in Thoracochaeta.

Leptocera longipennis Duda

Leptocera (Scotophilella) longipennis Duda
1925: 178.

Type material.— Lectotype (here desig-

nated): 6 in SMTD collection labelled "Bo-

livia-Guaqui, 30.V.03. Titicaca-See" [green];

"Scotophilella longipennis n.sp. type. 6 det.

Dr. O. Duda" [white]; "Typus" [red]; "Lec-

totype Scotophilella longipennis des. Mar-

shall manuscript 1985" [yellow]. Paralec-

totype (9) "Bolivia-Guaqui, 28. v. 03,

Titicaca-See" (SMTD).
Comments.— Although the lectotype of

Leptocera longipennis was labelled as such

in 1985, this act in itselfdoes not constitute

lectotype designation (ICZN 1985, Article

72b [vii]). Thus, the lectotype of L. longi-

pennis is fixed in the present publication.

Richards (1963) assigned L. phycophila

(= A. caerulea), L. dolichoptera, and L. lon-

gipennis to a distinct group within Lepto-

cera (Limosina), based on the small eyes,

short arista, and long wings with well-de-

veloped costal bristles. These characters,

along with head and thoracic chaetotaxy,

also prompted Richards to suggest a rela-

tionship between these species and Thora-
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Figs. 25-33. Archicollinella penteseta (Richards). 25. Male genitalia, posterior. 26. Male genitalia, left lateral.

27. Male aedeagal complex, left lateral. 28. Male surstylus, left lateral. 29. Male hypandrium, ventral. 30. Male

stemite 5 and synstemite 6 + 7, ventral. 31. Female terminalia, dorsal. 32. Female spermathecae. 33. Female

terminalia, ventral. Scale bars = 0.1 mm.
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cochaeta. Such characters, however, are

probably convergent adaptations in re-

sponse to Hving in decaying seaweed. Lep-

tocera longipennis is not a marine shore spe-

cies, but it is known only from the shores

of Lake Titicaca.

The only available male specimen of L.

longipennis is pale and damaged. The de-

tails of the genitalia are difficult to discern,

but they are superficially similar to those of

Archicollinella. Stemite 5 has a straight pos-

terior margin and is densely setose over a

large posteromedial area and the cerci have

long, posteroventrally curved projections.

The paramere and distiphallus are similar

in shape to those oi Archicollinella, but the

distiphallus does not appear to be densely

spinulose. The surstylus is short and quad-

rate in contrast to the more elongate sur-

stylus o{Archicollinella. The hypandrium is

greatly reduced and apparently fused to the

epandrium, and is not tripartite, and syn-

stemite 6 + 7 is simple, with only a single

ventral ramus.

Several external characters also suggest

that L. longipennis cannot be accommo-
dated in Archicollinella. Although both type

specimens have the scutum pierced by a

minute pin, and are largely de-bristled, there

appear to be only two pairs o^dc, both post-

sutural. The male mid-tibial chaetotaxy is

quite different, with one pd in the proximal

third, ontpddiX the midpoint, and one short

ad, one long ad, and one \ongpd'\n the distal

third.

The generic placement of L. longipennis

remains unknown pending the examination

of additional specimens. For the present, L.

longipennis is considered a species incertae

sedis.

Discussion

Duda (1925) proposed the subgenus Lep-

tocera {Archicollinella) to accommodate the

newly described species Leptocera caerulea

Duda as well as Limosina septentrionalis

Stenhammar. Previously, however, Duda
(1924) had erected the subgenus Pseudo-

collinella for L. septentrionalis, thus ren-

dering Archicollinella a junior subjective

synonym of Pseudocollinella. Hackman
(1968) listed Archicollinella and Pseudocol-

linella as junior synonyms of Opacifrons

Duda. However, Opacifrons, Pseudocolli-

nella, and Archicollinella are now consid-

ered separate genera and Archicollinella re-

mains an available generic name for

Leptocera caerulea Duda.
In his discussion o{Archicollinella, Duda

(1925) noted that he had previously pro-

posed the subgenus Schnuseella to accom-
modate Leptocera caerulea (despite the fact

that the species was not previously de-

scribed). There appears to be no other ref-

erence to Schnuseella in the literature; it is

probably an unpublished manuscript name.

Consequently, Schnuseella is considered a

nomen nudum.
A number of possible relationships be-

tween Archicollinella and other taxa have

been suggested. Duda (1925) considered /I r-

chicollinella caerulea representative of an

"ancestral form," with characters transi-

tional between Scotophilella Duda (= Li-

mosina Macquart) and Leptocera. Rohacek

(1983) transferred L. phycophila and L. dol-

ichoptera to the newly proposed genus Ki-

mosina Rohacek, based largely on chaeto-

taxic characters, but did not assign them to

a subgenus pending examination of the

postabdominal morphology. Rohacek not-

ed that L. phycophila and L. dolichoptera

resemble Kimosina (Alimosina) empirica

(Hutton) in characters of the female cerci

and in having sexually dimorphic wing

shape. However, the two species lack the

modified abdominal stemites that charac-

terize empirica, and, according to Rohacek,

might represent an additional subgenus of

Kimosina. Marshall and Smith (1991) re-

defined Phthitia (= Kimosina) and rejected

a close relationship between Archicollinella

and Phthitia.

At present, the affinities o{Archicollinella

are still speculative. Male surstylar mor-

phology, female stemite 8, and several other
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characters preclude placement ofthe species

in Leptocera or Phthitia, as suggested by

previous authors. A number of characters,

both genitalic and chaetotaxal, distinguish

Archicollinella from Thoracochaeta. Most

of the defining characters o{ Archicollinella

(e.g. morphology of hypandrium, synster-

nite 6 + 7, cereal projections, spermathecae)

are clearly apomorphic, but difficult to ho-

mologize in other genera. Other diagnostic

characters (surstyli, parameres, chaetotaxal

characters) are either plesiomorphic or sub-

ject to frequent homoplasy in the Limosin-

inae. Further clarification of the generic re-

lationships between Archicollinella and other

limosinine genera will await a broad treat-

ment of the phylogeny of the Limosininae

as a whole.
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Note

Trepobates citatus Drake and Chapman, a New Junior Synonym
of Trepobates subnitidus Esaki (Heteroptera: Gerridae)

Trepobates citatus Drake and Chapman
was described in 1953 (Fla. Entomol. 36:

109-1 12) based on specimens from Florida

and Mississippi. This species was distin-

guished from Trepobates subnitidus Esaki

on the basis of a more robust form and

darker color, shorter hairs on the middle

femur of males, and different proportional

lengths of antennal segments. After exam-

ining over 6000 specimens of T. subnitidus

from all parts of its range and over 160

specimens identified as T. citatus, I have

concluded that the material represents one

species and that the differences cited by

Drake and Chapman merely represent in-

traspecific variation. I therefore designate

T. citatus Drake and Chapman as a junior

synonym of T. subnitidus Esaki, New Syn-

onym.

Paul D. Kittle, Department of Biology,

University ofNorth Alabama, Florence, Al-

abama 35632.
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A NEW SPECIES OF DUSONA FROM NEW ZEALAND, AND
THE APPLICATION OF DUSONA VS. DELOPIA

(HYMENOPTERA: ICHNEUMONIDAE, CAMPOPLEGINAE)

David B. Wahl

American Entomological Institute, 3005 SW 56th Avenue, Gainesville, Florida 32608.

Abstract. — Dusona destructor Wahl, a new species of campoplegine Ichneumonidae, is

described from New Zealand; Dusona stramineipes Cameron is redescribed. The rela-

tionships of the two species to each other, and to the rest of the genus, are discussed.

Gauld's restriction o^Dusona to stramineipes is rejected and Delopia is considered a junior

synonym of Dusona, as is Kartika.

Key Words: Ichneumonidae, Campopleginae, Dusona, Delopia, Kartika, systematics

The genus Dusona, as recognized by

Townes (1970) and numerous other au-

thors, is a very large genus of campoplegine

Ichneumonidae with a worldwide distri-

bution. Gauld, in his comprehensive revi-

sion of Australian ichneumonid genera

(1 984, hereafter referred to as "Gauld"), re-

stricted Dusona to the New Zealand species

stramineipes Cameron and referred the oth-

er species previously under that name to

Delopia. I recently found a new species

closely related to stramineipes, also from

New Zealand, in the American Entomolog-

ical Institute collection. Evaluation of the

two species led me to re-examine Gauld's

actions concerning Dusona and Delopia. I

herein characterize the group to which the

New Zealand species belong, redescribe

stramineipes and describe destructor new
species, and discuss Dusona and its rela-

tionship to other genera.

Materials and Terminology

Specimens for this study were borrowed

from or deposited in the following collec-

tions: American Entomological Institute

(AEIC): Gainesville, Florida (H. Townes);

Natural History Museum (BMNH): Lon-

don (M. Fitton). I am indebted to the cu-

rators.

The morphological terminology is mostly

that of Townes (1969), with modifications

as given in Wahl (1987, 1989). When the

laterotergite oftergite 3 is not separated from

the tergite by a horizontal crease, I refer to

it as "pendant." Intermediate conditions are

found in which a crease is present basally

but the remainder ofthe laterotergite cannot

be distinguished from the tergite.

The stramineipes species group

Gauld cited a number ofautapomorphies

for stramineipes: vein Icu-a slightly proxi-

mal to 1 -Rs, mesopleurum with a transverse

groove extending from the epicnemial ca-

rina to the scrobe, petiole ofmetasomal seg-

ment 1 without any trace of carinae on the

dorso-lateral comers, and the posterior

margin of the hypopygium with a median

incision. He also mentioned, but did not

characterize as autapomorphic, the de-

curved ovipositor and finely pectinate tarsal

claws. Discovery o^ destructor allows a new

perspective on these characters. The meso-

pleural carina is weak in destructor, no

stronger than in most other campoplegines.
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in which there is usually some sort of weak

transverse depression in this area. Both

stramineipes and destructor share the finely

pectinate tarsal claws, lack of petiolar ca-

rinae, hypopygial incision, and decurved

ovipositor. The decurved ovipositor is found

in scattered species of Delopia, but the re-

maining characters appear to be synapo-

morphies for these two species. They con-

stitute a distinct species group.

Dusona stramineipes Cameron

Dusona stramineipes Cameron 1900: 177.

Type: 9 [BMNH]; examined in 1990.

Degithina stramineipes (!) Hudson, 1920:

223. Host: Xyridacma alectoria (taxon-

omy, biology).

Dusona stramineipes Gourlay, 1930: 5.

Host: X. alectoria (biology).

Dusona stramineipes Hudson, 1951: 56.

Host: Xyridacma hemipteraria (biology).

Dusona stramineipes Townes, Townes, and

Gupta, 1961: 232 (taxonomy).

Dusona stramineipes Gauld, 1984: 269

(taxonomy).

Diagnosis.— Distinguished from destruc-

tor by: metapleurum strongly convex, cen-

trally impunctate or with weak punctures,

surface sculpture varying from nearly

smooth to granulate with weak, fine rugae;

fore coxa with basal 0.7-0.8, middle coxa

except for extreme apex, black; hind femur

5.7-6.2 X as long as deep.

Female. Structure: 1 . Mesopleural punc-

tures separated by 0.5-1.0 x their diameter

on nearly smooth to moderately granulate

surface. 2. Scrobal groove with moderately

well-developed, fine transverse rugae. 3.

Mesopleurum with distinct transverse

groove extending from epicnemial carina to

scrobe. 4. Metapleurum strongly convex,

centrally impunctate or with punctures weak
and separated by l-2x their diameter, sur-

face sculpture varying from nearly smooth
to granulate with weak, fine rugae. 5. Hind
femur 5.7-6.2 x as long as deep. 6. Areolet

size small (Fig. 1 ) to moderate (Fig. 2). Col-

or: Head and mesosoma black, the follow-

ing yellow: mandible varying from entirely,

except for dark brown apex, to only apical

0.5 except for dark brown apex; apical 0.2-

0.3 of fore coxa and remainder of fore leg

except for brownish yellow of tarsomeres;

extreme apex ofmiddle coxa and remainder

of middle leg; central 0.5 of hind tibia and

tibial spurs. Remainder of hind leg fuscous.

Metasoma fuscous with brownish red tints

on lateral aspects of tergites 3-7. Length:

6.8-8.2 mm (7.6 mm); fore wing 4.9-5.9

mm (5.4 mm).
Specimens examined.— 9 holotype, 5 la-

bels: "12m [handwritten]"; "Type [red bor-

der]"; "Cameron coll./ 1902-289."; "Du-
sona/stramineipes/Cam. type/New Zealand

[all handwritten]"; "B.M TYPE/HYM/
3B.1781 [handwritten]"; (BMNH). Condi-

tion of type: intact except right antenna bro-

ken beyond flagellomere 4, tarsomeres 3-5

of right hind leg missing, and wing with mi-

nor tears. Other specimens. NEW ZEA-
LAND: Manapouri, "10-2-19," [1 9, AEIC];

Palmerston North, "on eucalypt— mating,"

"Forest Research Institute/Rotorua New
Zealand/716," M. A. Stoodley [1 9, AEIC].

Comment. —The Museum of Natural

History has two specimens, a female and a

male, identified as Dusona stramineipes

Cameron, and each has a red-bordered

"Type" label. I am treating the female as

the holotype. Cameron's description refers

only to the female sex, with no indication

that he examined a male. The male speci-

men actually belongs to destructor, and I am
making it a paratype of that species.

Expression of the stemotergal suture of

the petiole is variable, ranging from almost

absent in the Palmerston North specimen

to present but weak in the holotype.

The species has been reared from Geo-

metridae (Lepidoptera).

Dusona destructor Wahl,

New Species

Diagnosis.— Distinguished from strami-

neipes by: metapleurum weakly convex,
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1

2m-CUy ^
^

Figs. I^. Areolets o( Dusona spp. L D. strami-

neipes (Palmerston North specimen). 2. D. strami-

neipes (Manapouri specimen). 3. D. destructor (holo-

type). 4. Dusona sp. (Guatemala, AEIC).

surface densely punctate and transversely

striate; fore and middle coxae entirely yel-

low; hind femur about 5.2 x as long as deep.

Female. Structure: 1 . Mesopleural punc-

tures separated by 0.2-0.5 x their diameter

(most nearer the former value) on moder-

ately to strongly granulate surface. 2. Scro-

bal groove with weak transverse rugae. 3.

Mesopleurum with weak transverse im-

pression extending from epicnemial carina

to scrobe. 4. Metapleurum weakly convex,

surface densely punctate and transversely

striate. 5. Hind femur about 5.2 x as long

as deep. 6. Areolet size moderate (Fig. 3).

Color: Head and mesosoma black, the fol-

lowing yellow: ventral surface of scape,

mandible except for dark brown apex, teg-

ula, fore and middle legs except for dark

brown of apical 0.5 of basitarsus and re-

maining tarsomeres, posterior surface of

hind trochantellus, hind tibia except for dark

brown of basal 0.1 and apical 0.33, hind

tibial spurs. Remainder of hind leg dark

brown-fuscous. Metasoma fuscous with

brownish red tints on lateral aspects of ter-

gites 3-7. Length: 12.2 mm; fore wing 7.9

mm.
Male. Similar to female except meso-

pleurum weakly granulate; most ofhind tro-

chantellus, and extreme base ofhind femur.

brownish yellow. Length: 7. 1 mm; fore wing

4.4 mm.
Type material.— Holotype 9, NEW ZEA-

LAND: Rotorua, 15 Feb. 1971, J. Bain,

"Malaise trap" [AEIC]. Condition of type:

intact except right antenna broken beyond

flagellomere 24. Paratype 3, 6 labels: "12m
[handwritten, turned over]"; "12 [hand-

written, turned over]"; "Type [red bor-

der]"; "Cameron coll./ 1902-261."; "Du-

sona/stramineipes/Cam. type/New Zealand

[all handwritten]"; "B.M TYPE/HYM/
3B.1782 [handwritten]"; (BMNH).
Etymology.— From the Latin for "de-

stroyer," in reference to its role in destroy-

ing a beautiful hypothesis. It is a noun in

apposition.

Discussion

Gauld restricted Dusona to stramineipes,

leaving the rest ofthis very large, worldwide

genus to be known as Delopia. Gauld argued

that stramineipes is the sister-group to De-

lopia + Kartika. Kartika was proposed by

Gupta and Gupta (1976) for species with

the laterotergite of tergite 3 separated by a

distinct crease. Synapomorphies for Delo-

pia + Kartika were stated by Gauld to be:

a) a large areolet, b) short and deep tergite

3, and c) no trace of the stemotergal suture

of metasomal segment 1 . These characters

do not hold up when outgroups or the world

fauna (including destructor) are taken into

account. First, the sister-group to all of the

above taxa is Urvashia (Gupta and Gupta

1971). Synapomorphies grouping these taxa

are: 1) inner margin of the eye sharply

notched opposite the antennal socket, 2) a

large areolet, 3) propodeum laterally angu-

late, 4) apex of propodeum prolonged be-

tween the hind coxae, 5) metasomal seg-

ment 1 elongate with the glymma reduced,

and 6) ovipositor about as long as apical

metasomal depth. Kartika, Delopia, de-

structor, and stramineipes are united by the

following synapomorphies: 7) elongate pro-

podeal spiracle, 8) loss of the lateral longi-

tudinal carinae of the propodeum, 9) fusion
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of the tergite and stemite of metasomal seg-

ment 1 so that at most only an impressed

groove is present, and 10) a more or less

strongly laterally compressed metasoma.

Given these relationships (Fig. 5), the large

areolet of Delopia (Fig. 4) is plesiomorphic

and the small-moderate areolet (Figs. 1-3)

of stramineipes and destructor is a reversal.

Kartika has a range of areolet sizes, from

large to small; I assume the latter represent

reversals as well. I found no detectable dif-

ferences in tergite 3 dimensions between

Kartika and stramineipes. While tergite 3 is

shorter and deeper in many Delopia, this is

due to the pendant laterotergite. As to the

tergostemal suture, numerous species of

Kartika and Delopia have an impressed

groove and lack of such a groove cannot be

used to define Delopia.

The synapomorphies used by Gauld fail

to demonstrate a sister-group relationship

between stramineipes (+ destructor) and

Delopia + Kartika. There is no doubt that

stramineipes and destructor represent a dis-

tinct species group. Is Delopia a valid genus,

i.e. monophyletic? The only remaining aut-

apomorphies given by Gauld are the posi-

tion of vein Icu-a distad of vein 1-Rs by

0.2 or more the former's length, and the

pendant laterotergite of tergite 3. Urvashia

has Icu-a distad and the vein's position is

variable in Delopia, ranging from almost

opposite 1-Rs to distad. The situation is

confusing, but the distad position is prob-

ably plesiomorphic for Delopia. As for ter-

gite 3, the separated condition is plesiom-

orphic for campoplegines and the family.

Delopia species exhibiting the range of vari-

ation from separated to pendant can be

found in every biogeographic region. This

brings up the question of the status of Kar-

tika. Gupta and Gupta (1976) discuss a

number of characters differentiating Karti-

ka from Dusona (as used by Townes), but

the critical one is Kartika''s possession of a

completely separated laterotergite. Dusona
was said to have the laterotergite always

pendant. Gupta and Gupta (1978) later not-

Delopia

destructor

+

stramineipes

Fig. 5. Cladogram for Urvashia, stramineipes g^oup,

Kartika, and Delopia.

ed that intermediates existed but left the

problem for future study. Since a separated

laterotergite is plesiomorphic, Kartika

clearly does not represent a monophyletic

group. Whether it is paraphyletic or poly-

phyletic must await detailed study of the

world fauna. My conclusions are: a) stra-

mineipes and destructor are a monophyletic

taxon, the stramineipes species group; b)

Delopia is not a demonstrably monophy-
letic taxon with respect to the stramineipes

group (Dusona, as used by Gauld); c) Kar-

tika is not supported by autapomorphies;

d) Delopia is a junior synonym of Dusona
(as used by Townes), as is Kartika (NEW
SYNONYM). Finally, examination of the

mature larva ofDusona leptogaster (Holm-
gren), a species with a completely separated

laterotergite, reveals the same derived type

of labial sclerite found in species with a pen-

dant laterotergite: it is about 1.4 x as long

as wide, and the ventral portion is 0.4-0.5 x

as long as the length of the sclerite.
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Note

Thaumatelia Kirby: A Generic Synonym of Brachymeria Westwood
(Hymenoptera: Chalcididae)

Over 100 years ago, the genus Thauma-
telia Kirby [type species, Chalcis separata

Walker] was established (Kirby. 1883. J.

Linn. Soc. Zool. 17: 53-78). Recently, the

monotypic genus Thaumateliana Girault

[type species T. bicolor Girault] was syn-

onymized into Thaumatelia, Thaumatelia

separata (Walker) was redescribed, and three

new species of Thaumatelia were described

(Narendran and Varghese. 1989. J. Ecobiol.

1: 43-50). Narendran and Varghese (1989)

distinguished Thaumatelia from the genus

Brachymeria Westwood ( 1 829, in Stephens,

Nomencl. Brit. Insects, p. 36) by its deeply

excavated or cavity like depression of the

mesopleuron, deeply excavated scrobe,

strong scrobal margins, coarsely punctate

thorax, and its long and pointed gaster.

Presently, Thaumatelia contains five neo-

tropical species.

For a forthcoming book on Nearctic gen-

era of the family Chalcididae, I reviewed

the genus Thaumatelia. Upon examining

Thaumatelia types, I found that the char-

acters used to distinguish Thaumatelia and

Brachymeria intergrade into each other, and

that they vary considerably among the five

Thaumatelia species. The females of most

Thaumatelia species have a long ovipositor,

but this character is not constant or of ge-

neric merit.

The purposes of this note are to formalize

a generic synonym prior to a regional, ge-

neric treatment, clarify type depositories and

locality information, present unreported

host data, and to correct generic nomencla-

ture for forthcoming new species descrip-

tions. Hence, Thaumatelia is designated a

synonym of Brachymeria, and several tax-

onomic changes at the species level are pro-

posed.

Brachymeria bicolor (Girault),

New Combination

Thaumatelia bicolor Girault (1912, Achiv.

fur. Naturgeschichte 9: 160-162).

Thaumatelia bicolor (Girault), Narendran

and Varghese (1989: 49-50).

Type information. — Holotype female,

PARAGUAY, San Bernardino [not exam-
ined by author]. The type resides in the

Zoologisches Museum at Humboldt-Uni-
versitat zu Berlin, is very damaged, and is

not available for loans (F. Koch, personal

communication).

Additional specimens were identified by

Narendran and Varghese ( 1 989): one female

and one male, BRAZIL, Mato Grosso, O.

W. Richards, IX-X-1968; unreported host

information: exit nest of Brachygastra an-

gusti (Hymenoptera: Vespidae) [examined

by author]. The two specimens reside in the

United States National Museum.

Brachymeria grisselli

(Narendran and Varghese),

New Combination

Thaumatelia grisselli Narendran and
Varghese (1989: 45).

Type information. — Holotype female,

VENEZUELA, Capacho, VIII-7-1970, A.

Briceno, exit Azochis gripulis (Lepidoptera:

Pyraustidae) [examined by author]. The type

resides in the United States National Mu-
seum.

Brachymeria kraussi

(Narendran and Varghese),

New Combination

Thaumatelia kraussi Narendran
Varghese (1989: 45^6).

and
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Type information. — Holotype female,

MEXICO, Veracruz, 1959, N. L. Krauss

[examined by author]. The type resides in

the United States National Museum.

Brachymeria separata (Walker),

New Combination

Chalcis separata Walker (1862, Trans. En-

tomol. Soc. London 3(1): 345-397).

Thaumatelia separata (Walker), Kirby

(1883: 60).

Type information. —Holotype female,

BRAZIL, Ega [examined by author]. The

type resides in the British Museum, Natural

History. Two plesiotype females were des-

ignated by Narendran and Varghese ( 1989):

BRAZIL, Franca, East of Sao Paulo, O.

Dreher Ig., 1902 [one specimen examined

by author]. The two specimens reside in the

United States National Museum.

Brachymeria trinidadensis

(Narendran and Varghese),

New Combination

Thaumatelia trinidadensis Narendran and

Varghese (1989: 46-47).

Type information. — Holotype female,

"Aug. Busck Collector" [examined by au-

thor]. Locality label missing; reported by

Narendran and Varghese (1989) as "AR-
GENTINA, Trinidad." The type resides in

the United States National Museum.
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A NEW SPECIES OF ODONTOSPHEX FROM NAMIBIA
(HYMENOPTERA: SPHECIDAE)

WOJCIECH J. PULAWSKI
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Abstract. — Odontosphex damara, a new species from Namibia, is described and its

distinctive characters (details of sculpture and vestiture) are discussed. The presence of

an omaulus is unique within the Philanthinae. The genus is first recorded from Iran and

Pakistan.

Key Words: Insecta, Sphecidae, Odontosphex damara, taxonomy, Namibia

Arnold (1951) described Odontosphex for

a single male of his new species bidens from

Mauritania. Menke (1967) demonstrated

that the genus also occurs in Argentina, de-

scribed three new species from that country

{fritzi, paradoxus, and willinki), analyzed the

genus' relationships, and placed it in Phi-

lanthinae. The genus and its taxonomic po-

sition were restudied by Bohart and Menke
(1976), who first recorded bidens from Sau-

di Arabia. I have seen specimens o{ para-

doxus as well as two females which possibly

are bidens (Iran: Haft Tapeh 300 km N Ab-
adan, and Pakistan: Faisalabad; both in

CAS). I have collected representatives of a

new species in Namibia whose description

follows.

Odontosphex damara Pulawski,

New Species

Figs. 1-3

Name derivation.—Named after the Da-

mara people of Namibia in whose area the

specimens were collected; a noun in appo-

sition to the generic name.

T>'\2i%no^\s.— Odontosphex damara differs

from the other species ofthe genus in having

an omaulus and erect setae on the vertex,

thorax, and base of tergum I. In addition,

the female gena is markedly narrower in

dorsal view.

Description.—Agreeing with all tribal and

generic characters given by Menke (1967)

and Bohart and Menke (1976), but the pres-

ence of an omaulus is unique within the

subfamily. Scutum (except anteriorly) and

scutellum unsculptured and shiny between

punctures; punctures (except along margins)

averaging several diameters apart. Omaulus
present but short, about equal to distance

from its ventral end to thoracic midline (Fig.

3). Mesopleuron dull, with well-defined

punctures which are more than one diam-

eter apart on center. Propodeal side punc-

tate throughout except rugose posteriorly.

Gastral terga with fine, well-defined punc-

tures, many of which are more than one

diameter apart. Length 8.5-1 1.0 mm. Ves-

titure: setae conspicuously erect on vertex,

adjacent occiput, thorax including propo-

deum, and tergum I basally; not concealing

mesopleural integument (which is easily

visible). Body black, including mandibles,

except pronotal foremargin (adjacent to oc-

ciput) with narrow pale yellow band. Wings

moderately infumate, veins black.
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Figs. 1-3. Odontosphex damara. 1, Female head frontally; 2, male head frontally; 3, mesopleuron, oblique

lateral view; arrow indicates the omaulus.

$.— Clypeal free margin with five sharp,

undivided teeth (Fig. 1). Dorsal part of pro-

podeal enclosure rugose basally but punc-

tate apically with shiny interspaces.

(5.— Clypeal free margin with four sharp,

undivided teeth (Fig. 2). Least interocular

distance 0.6-0.75 x transverse midocellar

diameter. Flagellomeres without teeth or

notches, but flagellomeres IV-IX with shiny,

flat carina ventrally (carinae not extending

to flagellomere's base or apex). Dorsal part

of propodeal enclosure uniformly rugose.

Gastral sterna covered with setae which are

inclined posterad and whose length does not

exceed transverse midocellar diameter.

Habitat.—The specimens were flying low

over the ground in a sandy area with sparse

grass, other vegetation, and isolated bushes

and trees; adjacent to a gravelly area with

Welwitchia mirabilis J. D. Hooker.

Material examined.— //o/o/.vp^." <5, NA-
MIBIA: Damaraland: 38 km W of Khorix-

as, 4 Mar 1990, W. J. Pulawski collector

(CAS).

Paratypes: Same data as holotype: 1 5

(British Museum (Natural History)), 2 9, 9

(5 (California Academy of Sciences), 1 $

(United States National Museum); same

data but M. Schwarz collector (1 9, his col-

lection).
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LATE SEASON FOOD LEVEL, CANNIBALISM, AND OVIPOSITION IN
ADULT MANTIDS (ORTHOPTERA: MANTIDAE): SOURCES OF

VARIABILITY IN A FIELD EXPERIMENT
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Abstract. — Feeding experiments in the field with mantids typically have yielded results

in which statistical variation could not be attributed to variability in performance of

specific individuals. Adult female Tenodera aridifolia sinensis Saussure, which were in-

dividually marked and confined to replicated enclosures in the field, were subjected to

two feeding levels and starvation control. All groups lost weight during the two week

experiment; however, this loss was from oviposition in well-fed mantids, from decline in

body mass among those which starved. Amount of cannibalism was unrelated to feeding

level; however, only cannibals managed to gain body mass in starved and low food level

groups. More and slightly heavier oothecae were produced in the high food level group

than in the other two; however, cannibals oviposited fewer oothecae than non-cannibals.

Variability in performance ofindividuals within and between treatment groups apparently

depended on nutritional history prior to this study as well as to experimental feeding level

herein.

Key Words: Mantodea, Mantidae, Tenodera, food limitation, cannibalism, predator fit-

ness, predators, experimental variability

Adult female Tenodera aridifolia sinensis

Saussure (Mantodea: Mantidae) in the

northeastern United States must cope with

a diminishing food supply late in the grow-

ing season, during oogenesis (Eisenberg et

al. 1981). Food limitation at this critical

time of the season can reduce fitness by de-

creasing body mass, which in turn decreases

the energy available for egg production. The
extent of food limitation varies among hab-

itats and years, and it can be alleviated if

the mantid fortuitously is perched upon an

inflorescence which attracts flower foragers

(Hurd 1989).

Although the results of the two studies

cited above support conclusions therein,

' Correspondence author.

there was considerable variability in gain or

loss of body mass within these field-col-

lected experimental cohorts. The sources for

this variability could not readily be ascer-

tained at the time of these experiments be-

cause individual mantids were not followed

over time. Further, since both ofthese stud-

ies were open field experiments, actual lev-

els of prey availability could not be deter-

mined: field-collected groups were compared

to cohorts fed ad libitum in the laboratory.

Since mantids can feed at a rate well beyond

the level which produces further gains in

body mass (Hurd 1991), it is probable that

the numbers ofprey consumed by these lab-

oratory cohorts were greater than would

translate into enhanced fitness. Thus we
cannot infer that mantids from the field
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which gained body mass at the same rate as

those fed ad libitum in the laboratory nec-

essarily ate the same number of prey. It is

also possible that some mantids which

gained biomass in the field resorted to can-

nibalism in the absence of alternate prey. In

the laboratory well-fed mantid nymphs
rarely ate each other, whereas starved

nymphs exhibited cannibalism rates in ex-

cess of 20% (Hurd and Eisenberg 1984).

Therefore it is possible that the tendency

toward cannibalism in adults is related to

hunger level.

The present study was designed to relate

food level, body mass, oviposition, and can-

nibalism in individual adult female T. a.

sinensis in the field at the end ofthe growing

season. We monitored individual perfor-

mance for these variables in order to deter-

mine the sources of statistical variability

which typically have attended experiments

with field-collected animals whose early life

history is not known.

Materials and Methods

The study site was a pasture on the Ex-

perimental Farm of the University of Del-

aware, Newark, Delaware. There were res-

ident populations ofthree species ofmantids

in this field: T. a. sinensis, its congener T.

angiistipennis Saussure, and Mantis reli-

giosa Linnaeus.

Twelve 1 -m^ enclosures were set up in the

field in September 1990. Enclosures were

constructed of Lumite Saran netting ( 1 2 x

1 2 strands/cm^) fitted on PVC frames with

the bottom side left open to the ground and

vegetation within the cage. Cages were sta-

pled to the ground and tightly fitted to 7-cm-

high squares of aluminum sheeting which

penetrated the soil to a depth of 3^ cm to

prevent migration of arthropods under the

mesh. The top of each enclosure was zip-

pered on three sides to allow access. Prior

to this experiment each enclosure was emp-
tied of arthropods through a combination

ofD-Vac suction, pit traps, and hand search.

These enclosures allowed us to keep man-

tids under field environmental conditions,

and at the same time to control food level

and follow individuals during the course of

the experiment.

On 24 September, 24 adult female T. a.

sinensis were collected and weighed. On 25

September these mantids were randomly
placed in the enclosures, one pair to each

cage. Each enclosure then was randomly as-

signed to one ofthree treatment groups (four

per treatment) which differed in the number
of prey to be added: 1) H = high food level,

in which 10 insect prey were added twice

weekly, 2) L = low food level, in which five

insects were added twice weekly, and 3) Z
= zero food level, in which no prey were

added. Experimental prey levels were in the

range suggested by Bartley (1983). Mantids

were color coded with nail polish applied

to the dorsal surface of the prothorax, so

that individuals could be identified from

each pair. Prey were collected from the pas-

ture with a sweep net, and represented the

available insect biomass present at that time

of year: primarily honey bees with an oc-

casional cricket or grasshopper. Prey were

distributed arbitrarily among enclosures ac-

cording to the above feeding regimes.

Each time food was added, all enclosures

first were checked for oothecae, which were

removed and weighed. Since more than one

ootheca was never found in any cage at the

same time, the deflated condition of the ab-

domen following recent oviposition made
it easy to tell which mantid in each pair was

responsible. Mantids were weighed at the

end of each week, at which time any can-

nibalism which had occurred was noted. The
experiment was terminated on 9 October,

since prey were by then too scarce to con-

tinue, and the possibility of a killing frost

was relatively great.

Results

Mean body mass declined in all three

treatment groups from 25 September to 9

October (Table 1). Final mass in treatment

Z was 25% lower than initial mass; H and
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25 SEPT 2 OCT

DATE
9 OCT

Fig. 1 . Change in body mass of adult female Ten-

odera aridifolia sinensis in field enclosures over time.

Figures represent range (vertical lines), mean (horizon-

tal lines), and 95% confidence limits (boxes) for LSD
ranges. Treatments: Z (unfed) = open boxes; L (low

food level) = hatched boxes; H (high food level) =

shaded boxes.

L mantids lost 1 9% and 1 6%, respectively,

over the same period. As a result, there was

no significant difference in mean body mass

among treatment groups at the end of the

experiment. However, since each ootheca

produced during the experiment could be

attributed to an individual, we could par-

tition out the loss ofmass due to oviposition

from loss of body mass due to simple star-

vation. When weights ofoothecae were add-

ed back to the weights of mantids respon-

sible for them, the treatment groups diverged

over time: starved mantids in treatment Z
lost weight, those in H gained, and those in

L were intermediate (Fig. 1). By the end of

the experiment these differences were sta-

tistically significant (.Fj u = 4.53, P = 0.03).

There were two cannibals in both treat-

ments H and Z, and three in L (Table 1).

Therefore the tendency toward cannibalism

was not related to food level. However, non-

cannibals lost an average of approximately

1 8% of initial body mass (exclusive of ovi-

position loss) in treatment Z over the two

weeks, 1 6% in L; cannibals gained < 1% in

Z and 4% in L. Both cannibals and non-

cannibals gained mass in treatment H: 1 8%
and 10%, respectively.

During both weeks of the experiment, all

individuals in Z lost body mass except the

two cannibals, numbers la and 7b (see "%
change," Table 1). Treatment L produced

mixed results in this regard: only two in-

dividuals, a cannibal (2b) and a non-can-

nibal (3a), gained weight during the first

week, and one cannibal (11a) lost weight.

During the second week 1 la gained weight,

but cannibal 4a lost. There were no canni-

bals during the first week in H, and half the

individuals gained body mass. Cannibals 6a

and 1 Ob made substantial gains the second

week, while non-cannibal 8b was the only

other individual to gain.

Mantids in all three treatments ovipos-

ited, but no female produced more than one

ootheca (Table 1 ). Five oothecae were found

in H, and three each in L and Z. Among
mantids which survived until the end of the

experiment, only one failed to oviposit in

treatment H, and three each in L and Z.

There was no obvious tendency for any

treatment group to oviposit earlier or later

than the others. Ootheca mass was not sta-

tistically different among treatment groups,

although the two heaviest were found in

treatment H. Cannibals did not generally

produced larger oothecae than non-canni-

bals, and in fact produced fewer oothecae

than non-cannibals in all three treatment

groups.

Discussion

A comparison of Fig. 1 with Table 1 sug-

gests that although the decline in weight

among mantids in treatment Z was due

mainly to loss of body mass through star-

vation, weight decline in well fed mantids

could be attributed primarily to oviposi-

tion. The fact that treatments could not be

differentiated simply on the basis ofchanges

in raw mantid weights means that it would

be difficult to assess the food quality of a

habitat simply by sampling individuals at

different times while oviposition is occur-

ring. Such comparisons would be valid only

prior to the onset of oviposition, as in Ei-

senberg et al. (1981) and Hurd (1989).

In any case, oviposition was an important
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Table 1 . Live weights (g) of adult female T. a. sinensis, and weights of oothecae in experimental enclosures

at three different food levels. "% change" denotes the percentage of weight change between consecutive sample

dates which was not accounted for by oviposition: weight of ootheca was added to subsequent body weight, this

sum subtracted was from previous body weight, then the difference was divided by that previous weight ( x 1 00%).

Ootheca weights are positioned to indicate time interval during which oviposition occurred. "Mantid no."

denotes randomly assigned enclosure number and individual (a or b) of each pair assigned to each enclosure. C
= death by cannibalism since last sample date.
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Surprisingly, cannibalism was neither re-

lated to food level nor generally beneficial

in terms of egg production for mantids in

this experiment. However, judging from live

weight data, it did contribute significantly

to the diets in treatments L and Z: cannibals

in these groups were the only individuals to

exhibit substantial gains in body mass both

weeks of the study. This was also true of

treatment H during the second week, but

not during the first when there was no can-

nibalism. The potential benefit of canni-

balism to starved mantids in treatment Z is

clearly a direct contribution of biomass by

the victim; in the fed groups, cannibalism

also could have alleviated competition for

alternate prey (Hurd and Eisenberg 1990b).

In fact, a cannibal such as 2b (Table 1) from

treatment L effectively doubled its available

prey, elevating its food level to that of an

individual in one of the pairs in treatment

H. This is therefore another source of vari-

ability in the data, which may reflect an

advantage ofcannibalism for these mantids

in nature at the end of the growing season

by reducing competition for increasingly

limited prey. Since oothecae of T. a. sinensis

are spatially aggregated (Eisenberg and Hurd

1990), it seems likely that adult females en-

counter each other in nature at this time.

The change in body mass other than from

oviposition (% change. Table 1) was gen-

erally more variable among fed mantids in

treatments L and H than in Z, even between

members of a pair in the same enclosure.

Although in Z the only food was the other

member of the pair of mantids, food pro-

vided to H and L enclosures probably was

not evenly divided between the occupants

thereof. For instance, 9a in treatment H was

able to produce the second largest ootheca

in the experiment as well as to gain body

mass during the first week, while 9b did not

oviposit and lost body mass. Thus differ-

ences in actual feeding rates within, as well

as between, cages likely was another im-

portant source of variability in this exper-

iment. Uneven apportionment of resources

among individuals in nature undoubtedly is

the rule. Therefore, although the average of

approximately 3 bees provided/mantid/day

was sufficient to alleviate food limitation in

treatment H relative to the other treat-

ments, an individual of any pair may ac-

tually have eaten 0-6 bees/day. Even among
individually caged mantids kept under

identical conditions in the laboratory, feed-

ing rates can be quite variable (Hurd and

Rathet 1986).

The remaining variation in performance

among individuals in this experiment could

have been a function of activity level; i.e.

even among unfed, non-cannibalistic man-

tids in treatment Z where actual feeding rates

were all zero, some individuals may have

lost more body mass than others because

their activity levels and consequent ener-

getic demands were higher. This may have

been most important in the starved cohort,

since food limitation can induce dispersal

behavior in these mantids, at least as ju-

veniles (Hurd and Eisenberg 1984).

All ofthese sources of variability not only

reflect differences in response to environ-

mental conditions by individual mantids,

but they also may be responsible for vari-

ation in impact on the prey community. This

could be exhibited in the amount of direct

reduction of prey, or even in the direction

of impact. These predators are capable of

indirect effects such as enhancing survivor-

ship of one prey species by interfering with

the impact of other predators on that prey

species (Hurd and Eisenberg 1990a).
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Abstract.—An interactive identification software application has been written to assist

non-experts in the identification of the families of Chalcidoidea (Hymenoptera) of North

America. This program allows the incorporation of embedded graphics, sound, visual

effects, and other features not possible with conventional hard-copy publications. The

program allows the user to choose from a Ust of alternative questions about chalcids and

then proceed through a series of screens to make identifications, confirm tentative iden-

tifications, review biological and taxonomic information on a particular family, or review

information on the superfamily as a whole.

One of the challenges facing systematists,

especially those working for organizations

whose mission includes education, service,

or ties to a particular user group (such as

U.S. Agriculture), is to make the informa-

tion contained in the products of our re-

search available to a wide array of non-sys-

tematists. One criticism often leveled at

systematists is that the only people who can

understand or make use of the end product

of systematics research are other systema-

tists. Often referred to as "Technology

Transfer," making the results of systematics

research more widely available means that

scientists and educators in related disci-

plines can more easily draw on the accu-

mulated expertise ofthe systematist to solve

their own problems without the direct in-

tervention of the systematist. The most fa-

miliar such situations are the service iden-

tifications provided by a majority of

systematists for colleagues in biological con-

trol, ecology, integrated pest management,

and to regulatory agencies.

Recently, the author was part of a re-

search project that produced "The Hand-

book of the families of North American

Chalcidoidea (Hymenoptera)" (Grissell and

Schauff 1990). An outgrowth of nearly 10

years of teaching the basics of chalcid iden-

tification to over 250 students, the hand-

book was designed for ease-of-use by non-

experts whose only prior experience with

this difficult group of minute wasps may
have been basic courses in insect identifi-

cation. Its aim was to simplify the identi-

fication of chalcid families through the use

of a pictorial key, which relied heavily on

illustrations, and short, concise summaries

of biological and taxonomic information

that would provide an alternative to more

traditional (and more difficult) keys. During

the production of this paper, it became ob-

vious that recent computer technology made

it possible to present some of this same data

in a format that would not only heavily rely

on graphics, but could also take advantage

of sound, embedded graphics, visual effects,

and the easy "point and click" ability of

todays personal computers. Many of these
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General Information on Chaldds

Fig. 1. Menu 1, the main selection menu.
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features are not possible in conventional

hard-copy publications.

To implement this idea HyperCard® ap-

plication development software supplied

with Apple Macintosh computers was cho-

sen, HyperCard is sometimes referred to as

a "software erector set" (Goodman 1990)

or personal application development soft-

ware, meaning that it is a software program

which allows the user to design and imple-

ment his/her own programs. The most fre-

quently used analogy to explain how Hy-
perCard functions is that of a stack of

electronic filing cards. Each "stack" (pro-

gram or application) generally consists of a

number of linked "cards" (screens or win-

dows). Each of these cards may contain a

variety of text fields, "buttons," and graph-

ics which can be programmed to perform

whatever functions the author desires. As
in any programming environment, these in-

structions may be simple (finding the next

card) or complex (searching and reporting

on a database).

Since its introduction in 1987, HyperCard

has been used by hundreds of authors to

generate thousands of applications in fields

as diverse as financial management, enter-

tainment, education, and, of course, sci-

ence. In systematics HyperCard has been

used to produce sophisticated collection data

bases, while in general entomology it has

been used to present a general introduction

to insects and their biology. While many of

these stacks are marketed commercially,

hundreds are in the public domain.

The "Chalcid Comer" stack allows the

user to choose among four alternatives at

the beginning of the program (Fig. 1): 1)

Verify a preliminary identification; 2) key

an unknown specimen; 3) Browse associ-

ated information on a particular family; and

4) review general information on the fam-

ilies of Chalcidoidea. Each choice is exe-

cuted by "clicking" on the text ofthe choice.

At all times during the use of the program

morphological help can be accessed by

clicking on the small chalcid head in the
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Families of North American Chalcidoidea

Fig. 2. Differential Diagnosis screen for family Elasmidae.

Families of North American Chalcidoidea

Morph. Start OveiP

Family Eulophidae

Introduction &r Biology Distinguishing Chsrscters

In so far as numbers of species are

concerned, this family is one of the

largest of the Chalcidoidea (along with

Ptcromalidae and Encyrtidae). It is

among the most difficult of all groups to

learn because of the large numbers of

o

o
Collecting

STATISTICS: Number of world

spxjcies: about 3400 (491 Nearctic, 222

Neotropical): number of world genera

DISTINGUISHING CHARACTERS:
The Eulophidae are readily distinguished

by two consistent morphological

features: 4 segmented tarsi and 2-4

funicle segments (i.e. antenna at most

with 10 segments). The only problem is

seeing and counting these characters.

This is a matter of practice. The other

taxa which may be confused are:

Tetracampidac: Some males have 4

o

o

Statistics
Distribution

STATISTICS: Number of world

species: about 3400 (491 Nearctic, 222

Neotropical); number of world genera

DISTRIBUTION: Eulophids are well

represented throughout the world.

^O ICF

Fig. 3. Associated Information screen for family Eulophidae.
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upper left hand comer of the screen and a

user can go back to the start of the program

by cUcking on "start over." The key features

the use of embedded picture windows. The
advantage of this feature is that when a user

wishes to view an illustration (denoted in

the key by "(Fig.)," clicking on the text caus-

es the illustration to be displayed in its own
window on top of the key. Unlike tradi-

tional keys, the user does not need to search

through the document for the illustration or

even match up the figure numbers to see the

information needed. Following key couplets

are reached by clicking on the number of

the couplet that the user wishes to advance

to and when a family determination is

reached, clicking on the family name au-

tomatically takes the user to a differential

diagnosis screen which contains additional

graphics and text (Fig. 2). This screen is

linked to additional information on the

family by clicking on the "more info" but-

ton. Associated information on collecting,

biology, distribution, etc., is presented in

"scrollable" fields (Fig. 3), which allows

more text to be assigned to any given field

than could normally be accommodated on

one screen. The stack treats 20 families of

Chalcidoidea for North America and lists

over 200 references.

The software and installation instructions

are free and can be obtained by sending 3

double-sided double-density 3'/2" diskettes

(do not send 5 'A" disks) to the author at the

address given above.
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Obituary

Edward U. Balsbaugh, Jr.

1933-1991

Edward U. Balsbaugh, Jr., Professor of

Entomology at North Dakota State Uni-

versity, succumbed to cancer on May 21,

1991, in Fargo, North Dakota.

Dr. Balsbaugh was bom January 12, 1933,

in Harrisburg, Pennsylvania. He obtained a

Bachelor of Science degree in Biology from

Lebanon Valley College, Annville, Penn-

sylvania in 1 955. He received Master of Sci-

ence and Doctor's degrees in Entomology,

the former from The Pennsylvania State

University in 1961, the latter from Auburn
University in 1966.

Dr. Balsbaugh served with the U.S. Army
in Germany after completion of his B.S.

program. Following his army discharge, he

joined the Pennsylvania Department ofAg-

riculture as an entomologist for two years

prior to the commencement of his graduate

programs.

Dr. Balsbaugh joined the Department of

Zoology and Entomology at South Dakota

State University in 1965, where he spent 1

1

years before coming to Fargo in 1976 to

assume the responsibilities ofinsect system-

atist and curator ofthe North Dakota Insect

Reference Collection. A coleopterist, Dr.

Balsbaugh was recognized for his special ex-

pertise with species in the family Chryso-

melidae. Dr. Balsbaugh had been recog-

nized by his coleopterist colleagues and had

been serving as the current President of the

Coleopterist's Society. He was a long time

active member of the Entomological Soci-

ety of America and Section A, as well as

Sigma Xi.

Dr. Balsbaugh had a special talent for

working with youth. He was active with the

Boy Scouts and had served as a merit badge

counselor and on his church's troop com-
mittee for many years. Grade school teach-

ers in the area were frequently requesting

his departmental tours and presentations.

Ed also worked closely with the Circle K
and Key Clubs sponsored by his Kiwanis

Club.

Survivors include his wife, one daughter,

one son, his mother, and two brothers.

R. B. Carlson and J. T. Schulz, Depart-

ment of Entomology, North Dakota State

University, Box 5346, University Station,

Fargo, North Dakota 58105.



PROC. ENTOMOL. SOC. WASH.
93(4), 1991, pp. 967-972

Society Meetings

963rd Regular Meeting—January 10, 1990

The 963rd Regular Meeting of the En-

tomological Society of Washington was

called to order by President David R. Smith

in the Naturalist Center, National Museum
of Natural History, at 8:05 p.m. on 10 Jan-

uary 1991. Nineteen members and nine

guests were present. Minutes of the Decem-
ber meeting were read animatedly by out-

going Recording Secretary Richard G. Rob-
bins and approved.

Membership Chairman Russell D. Stew-

art read the names of the following appli-

cants for membership: Josie Bubin ofWash-
ington, D.C., Charles Bellamy, Department

of Entomology, Smithsonian Institution,

Washington, D.C. and Susan T. Weller, De-

partment of Entomology, Louisiana State

University, Baton Rouge, Louisiana.

President Smith circulated a letter of

thanks from Mr. Doug Sutherland for the

society's support of the Monarch butterfly

as the national insect. Dr. Smith also re-

ported that the Executive Committee voted

to accept changes to the bylaws regarding

1) an increase in membership dues from

$20.00 to $25.00; 2) an increase of life

memberships from $200.00 to $250.00; and

3) a quorum number at an executive meet-

ing that includes the Associate Editor. A
discussion and vote by the general mem-
bership will take place at the next meeting.

Dr. Smith also pointed out that the May
meeting will probably be held at the Log
Lodge, Beltsville, Maryland due to the suc-

cess of last year's meeting there. He also

announced that parking was available at the

museum for the meeting and that this in-

formation would be added to the meeting

announcement. He announced the death of

Dr. Barnard Burkes, a very loyal and active

member of the society and former chalci-

dologist with the Systematic Entomology
Laboratory, USDA.

Harry Painter displayed the Manual of
Entomology by Dr. Hermann Burmeister

and translated by W. E. Skuckard. This vol-

ume, published in 1836, was replete with

beautiful hand painted illustrations of in-

sects. E. Saugstad brought photos he had
recently found in his home of a Reticulo-

termes species burrowing through styro-

foam. D. Smith circulated three articles of

interest to the society: "The Official Seal of

the Entomological Society of Washington"
by Jon L. Herring (1964, Vol. 66, No. 1),

"A Short History of the Entomological So-

ciety of Washington" by Ashley B. Gumey
(1976, Vol. 78, No. 3) and an informative

article in the December 1990 issue oi Ag-

ricultural Research on Africanized honey-

bee research.

The speaker for the evening was Dr. Nick

Calderone, Bee Research Laboratory,

USDA-ARS, whose talk was entitled "Evo-

lutionary Processes in Social Insects." Dr.

Calderone described studies in variation of

worker behavior with relation to genotype,

age and environment. As the bee ages, the

tasks change from nest activities (cleaning

cells, caring for the brood, guarding) to for-

aging activities (collecting nectar, pollen,

water). Genotypic variability is measured

by the amount ofwork apportioned to tasks,

specifically, specialization by foragers and

time spent on nest tasks. The variability is

also age correlated and can be estimated

with probabilities. He showed that workers

from two genetically distinct strains oiApis

mellifera differed in the age at which they

began foraging for pollen and in the relative

frequency of foraging. Colony selection is the

level of contribution to reproductives of the

next generation by the colony. In order to

demonstrate that colony selection was hav-

ing an effect on sterile workers. Dr. Calde-

rone used two strains of bees, colonies that

hoarded large amounts of pollen and colo-

nies that collected small amounts of pollen.
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Individuals of both strains were marked,

and observed moving into and out of the

hive and whether they had or lacked pollen.

Dr. Calderone also studied task-specializa-

tion components of individual bees with

over 8500 observations and 13 activities

coded for the two strains of bees. It was

found that "lo" type colonies fanned twice

as often as "hi" type colonies and days to

foraging ofthe "lo" colonies significantly dif-

fered from the "hi" groups. Dr. Calderone

summarized five other studies on honey-

bees that showed workers with different par-

ents have different behavioral patterns. As
the use of artificially selected strains is com-

monly criticized, Dr. Calderone conducted

a study comparing the behavior of workers

of different subfamilies in unselected colo-

nies with naturally mated queens. He used

the Mdh locus and three electromorphs to

identify two queens that were producing

three biochemically distinguishable groups

of worker offspring. Representation of pol-

len foragers and nectar foragers among the

three allozyme-phenotype groups differed

significantly in both colonies, while guards

and honey-storage-area bees differed in one

colony. He also demonstrated that behavior

may depend not only on the genetics of in-

dividuals, but also on the genetics of nest-

mates. This finding was based on a study

where members of the "lo" type colonies

were placed in "hi" type colonies and the

"lo" type individuals were observed to

switch to other activities in the different en-

vironment.

Our visitors were introduced and the

meeting was adjourned at 9:28 p.m. After

the meeting refreshments were provided by

Mr. Harry Painter.

M. Alma Solis, Recording Secretary

964th Regular Meeting— February 7, 1991

The 964th Regular Meeting of the Ento-

mological Society of Washington was called

to order by President David R. Smith in the

Naturalist Center, National Museum of

Natural History, at 8:03 p.m. on February

7, 1991. Twenty-two members and six guests

were present. Minutes of the January meet-

ing were read by Recording Secretary M.

Alma Solis and approved.

Membership Chairman Russell D. Stew-

art read the names of the following appli-

cants for membership: Bernard N. Guirey

of Horseheads, New York, Patrick Gomes
of Severn, Maryland, Jill M. Gordon of

Clemson University, and Henry Frania of

the Royal Ontario Museum ofToronto, On-

tario, Canada. Mr. W. A. Shands was grant-

ed Emeritus Membership status.

President Smith read the three changes to

the bylaws and asked for discussion or

changes. A quorum of at least 20 members
was present, W. Mathis moved that they be

accepted, it was seconded by T. Spilman

and accepted unanimously by the members.

President Smith also made several an-

nouncements. The society is selling "A
Handbook ofthe Families ofNearctic Chal-

cidoidea" by M. E. Schauff and E. E. Gris-

sell. Back issues of the proceedings, except

volumes of the years 1987, 1988, 1989 are

also available for purchase. Mr. Vic Adler

passed away. He had been an emeritus

member, past president, and past program

chair of the society. The May meeting will

be held at the Log Lodge in Beltsville, Mary-

land. Jeff White, past Membership Chair-

man, was presented a certificate for his ser-

vice to the society for the past eight years.

D. Sutherland displayed "The Great But-

terfly Hunt" by Ethan Herberman, 1990,

and encouraged everyone to tune in to a

program on Watson's Wisdom, Channel 1 2,

entitled "King of the Butterflies" about

monarch butterflies. He also displayed a

monarch pattern for needlepoint.

The speaker for the evening was Dr. Da-

vid Adamski, Systematic Entomology Lab-

oratory, USDA-ARS, whose talk was enti-

tled "Phylogeny of North American

Blastobasidae (Lepidoptera): A Case ofGuilt

by Association." He described a morpho-
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logical and phylogenetic study on the North

American Blastobasidae, a primitive moth
family of the Gelechioidea, and the ecology

ofacorn-feeding species ofblastobasids. Dr.

Adamski separated the Blastobasidae into

two subfamilies and seven genera, using the

Oecophoridae as the outgroup. Fourteen

character states defend the monophyly of

the Blastobasidae. The data matrix consist-

ed of 126 taxa and 98 morphological char-

acters. He described some of the characters

used in his study: genital capsule, aedeagus,

setal patterns on tergites, wing-coupling sys-

tem, and antennal notches.

Dr. Adamski summarized the detailed

study on the biology of acorn-feeding blas-

tobasids carried out by C. V. Riley. Riley

hypothesized that blastobasids entered the

acorns through the holes that weevils left

behind. Dr. Adamski became skeptical with

Riley's hypothesis when he found acorns

with blastobasid larvae without weevil holes

in Massachusetts. He then looked at acorns

from 28 species of Quercus in Mississippi,

taking about 200 acorns from each species,

dissecting half of the sample for larvae, and

using the second sample for rearing blas-

tobasids. He found that blastobasids were

in fact in acorns without weevil exit holes.

He assumed that the female laid eggs be-

tween the cap and the exocarp based on the

telescopic female ovipositor. In order to

study the host associations of the North

American Blastobasidae he took host in-

formation from insect labels, most of the

taxa having no rearing data available. J.

Powell had suggested that blastobasid lar-

vae were scavengers, but this study sug-

gested that many species are phytophagous

as well. Finally, Dr. Adamski had two draw-

ers of blastobasids for display.

Our visitors were introduced and the

meeting was adjourned at 9:10 p.m. After

the meeting refreshments were provided by

Mr. Harry Painter.

M. Alma Solis, Recording Secretary

965th Regular Meeting- March 7, 1991

The 965th Regular Meeting of the Ento-

mological Society of Washington was called

to order by President David R. Smith in the

Naturalist Center, National Museum of

Natural History, at 8:03 p.m. on March 7,

1991. Sixteen members and nine visitors

were present. Minutes of the February

meeting were read by Recording Secretary

M. Alma Solis and approved.

Membership Chairman Russell D. Stew-

art read the name of the following applicant

for membership: John Patterson, Hagcrs-

town, Maryland.

President David R. Smith announced the

following miscellaneous business. There is

a custodial supply of issues of the proceed-

ings available except for the years 1987,

1988, and 1989. The meeting of the Pest

Science Society of Washington will be at the

Log Lodge with Dr. M. R. Barrett speaking

on "Groundwater monitoring studies and

patterns of pesticide occurrence." "A Hand-

book of the Families of Nearctic Chalci-

doidea (Hymenoptera)" by M. E. Schauff

and E. E. Grissell has been published by the

society and is now on sale. The society

membership survey is to be sent out. Pres-

ident-elect Wayne Mathis announced that

the banquet is to be held June 6 at The
National Museum of Natural History and

is to be catered by DAKA for about $20.00

per person.

Mr. John Fales passed around a recent

publication by the Maryland Natural Her-

itage Program entitled "Rare, Threatened

and Endangered Animals of Maryland"

(1991). Ed Barrows displayed and com-
pared a smaller, new ant in town from Chi-

na, Paralrechina Jlavipes, to Prcnolcpis im-

parls, the false honey ant. He showed slides

of the false honey ant at bait. Dave Smith

displayed a Xyela species that feeds on pines

collected around February 20. He also dis-

played sawflics/i//a«/M.s vienncnsis {?>c\\v'dnk)

that he found on rosebushes in his yard.

The speaker for the evening was Dr. Carol
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Anelli Sheppard, Insect Biocontrol Labo-

ratory, USDA-ARS, whose talk was entitled

"Benjamin Walsh, Darwin's Little Bull-

dog." Benjamin Walsh, one of the first few

state entomologists in Illinois, was impor-

tant in bringing entomology to the people,

and was the only entomologist who was a

defender of Darwin's ideas on evolution.

Benjamin Walsh was educated as a Greek

scholar at Trinity College in England. He
then married and moved to the U.S. to be-

come a farmer. Twelve years later he moved
to Rock Island, Illinois to become a lum-

berman, and in 1860 he went back to en-

tomology at Illinois State University. He
died nine years later, but in those few years

he had been associate editor of the "Prac-

tical Entomologist," had ten publications in

scientific journals and 42 articles in agri-

cultural journals, and he corresponded with

Darwin and LeConte among others.

His collection of over 30,000 specimens

and many types was purchased by the state

and placed at the Chicago Academy of Sci-

ences. It was destroyed in 1871 in the Great

Chicago Fire. His correspondence was also

believed lost in the fire. Between 1 864 and

1 869 he wrote over 30 letters to Darwin and

corresponded with others such as Hagen,

LeConte, Uhler, Baird, Bassett, and Cres-

son. From this correspondence it was ob-

vious he cared little for Fitch and Packard.

He was associated with many ofthe younger

entomologists of his time and is believed to

have influenced Riley, Grote, and Cresson.

Walsh was an important figure in bringing

entomology to the people through such pub-

lications as the "Prairie Farmer," "Ameri-

can Entomologist," and "Practical Ento-

mologist." He broke with tradition by

applying his studies on insects to agricul-

tural problems.

Walsh was an ardent supporter ofDarwin

and his theory of natural selection. Walsh

defended Darwinism in this country to es-

sentialists and anti-Darwinians such as

Louis Agassiz and prominent entomologists

such as Scudder. Walsh was outspoken, had

a dialectical nature, had unorthodox opin-

ions, used hypothetico-deductive reason-

ing, and stressed the importance of studying

intraspecific variation. Walsh became
known for separating species based on sub-

tle characters. Darwin cited Walsh's species

concept, which was basically the same as

Mayr's biological species concept, in the 4th

edition of the "Origin of Species."

Our visitors were introduced and the

meeting was adjourned at 9:30 p.m. After

the meeting refreshments were provided by

Mr. Harry Painter.

M. Alma Solis, Recording Secretary

966th Regular Meeting— April 4, 1991

The 966th Regular Meeting of the Ento-

mological Society ofWashington was called

to order by President David R. Smith in the

Naturalist Center, National Museum of

Natural History, at 8:00 p.m. on April 4,

1991. Twenty-four members and seven vis-

itors were present. Minutes of the March

meeting were read by Corresponding Sec-

retary Holly Williams and approved as read.

President-elect Wayne Mathis stated that

the annual banquet is scheduled for June 6

and will be catered by DAKA.
President David Smith anounced the fol-

lowing miscellaneous business. The May
meeting will be held at the Log Lodge and

a map will be included in the next an-

nouncement. Since the crowd at the Log

Lodge is expected to be larger than that of

a normal meeting. President Smith asked

for other volunteers besides Ralph Eckerlin

and Harry Painter to bring refreshments.

Curtis Sabrosky, Honorary President of

ESW, and Alan Stone, Honorary Member
of ESW, were introduced. President Smith

presented a plaque to Chris Thompson, Past

President, for his contributions to ESW.
William Bickley exhibited volume num-

ber three in the series entitled "Guide to the

Insects of Importance to Man" on Cole-

optera by R. G. Booth, M. L. Cox, and R.

B. Madge and published by the Interna-

tional Institute ofEntomology (formerly the
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Commonwealth Agricultural Bureau). War-

ren Steiner showed some cockroach speci-

mens he collected in Florida and Don Davis

showed Dermatobia larvae that developed

on his ankle when he was in Belize in 1991.

Ted Spilman mentioned that Don White-

head had had a cuteribrid larva in his shoul-

der which he had allowed to develop, but

the fly had emerged so quickly Ted wasn't

able to take a picture of the emergence.

Wayne Mathis said that while he and Norm
Woodley were cleaning out George Stey-

skal's office they found a birthday card given

by J. Mik to C. R. Osten Sacken, a dipterist

from Heidelberg. It had a sciomyzid fly in

watercolors, but the paper was too brittle to

pass around. Chris Thompson exhibited and

passed around a small, rare book, a sales

catalog of insects containing valid species

names published by Lichstenstein in 1796.

Only four copies are known to exist in the

world and the fourth will go to the Ento-

mology Department at the Smithsonian In-

stitution. Ed Barrows brought in a plant of

an Asclepias species not commonly grown

in this area, and he also had some seeds in

case anyone was interested in cultivating

their own as a food for Monarch butterflies.

Dave Smith showed a book entitled "Illus-

trations of Tree Diseases, Tree Insect Pests

and Mammals in Hokkaido," published in

1985 by the Division of Forest Protection

Hokkaido Branch, Forest and Forest Prod-

ucts Research Institute, Sapporo, Japan.

The speaker for the evening was Dr. Greg-

ory W. Courtney, Postdoctoral Fellow, De-

partment of Entomology, Smithsonian In-

stitution, whose talk was entitled "Ecology

of Mountain Midges: Streams, Swarms and

Snowshoes." The overall goals ofDr. Court-

ney's research were ecology, morphology of

all life stages, and systematics of the family

Deuterophlebiidae which was described by

Frederick Edwards at the British Museum
in 1922 based on a few specimens from

Kashmir. Since then other specimens have

been collected in Asia and western North

America. The ecological objectives were the

study of Hfe histories, phenology, and re-

productive isolation of sympatric taxa.

Mountain midges, believed to be rare in dis-

tribution and abundance, are now known
from over 400 sites in North America and
densities ofimmature stages can reach 1 500

individuals per square meter. They are also

believed to be stenobiotic, that is, requiring

a stable environmental condition. But Dr.

Courtney found that they do occur in hab-

itats not considered to be stable such as large,

exposed streams, although none occur in

ephemeral streams. Larvae and pupae occur

in ripple zones over coarse substrates. They
have four larval instars and mouthparts

adapted for grazing and concentrating food

toward the mouth. Pupation occurs in small

depressions and crevices, and pupae are at-

tached by adhesive disks. The emerging

adults reach the top of the stream in a bub-

ble of water.

Adult flight behavior includes early

morning emergence, but adults live for only

a few hours. Males spend most of their life

flying and have capitate leg macrotrichia, or

"snowshoes," to prevent them from break-

ing through the water surface. Mountain
midges emerge in swarms. Sunlight and can-

opy characteristics play an important role

for swarming behavior of Deuterobia in-

yoensis. Females mate once and spend most

of their life searching for oviposition sites.

Eggs are believed to be either broadcasted

over the streams or the females search for

oviposition sites underwater. Dr. Courtney

found data to support the latter. In the study

of phenology, data suggested a univoltine

life history with protracted hatching emer-

gence, although there is a hint of a second

generation. Deuterobiids are active only two

to three months. Finally, reproductive or

ecological isolation of sympatric taxa was

evident in many western sites.

Our visitors were introduced and the

meeting was adjourned at 9:12 p.m. After

the meeting refreshments were provided by

Mr. Ralph Eckerlin.

M. Alma Solis, Recording Secretary, and

Holly Williams, Corresponding Secretary
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967th Regular Meeting-May 2, 1991

The 967th Regular Meeting of the Ento-

mological Society ofWashington was called

to order by President David R. Smith in the

Log Lodge, Beltsville, Maryland, at 8:06

p.m. on May 2, 1991. Twenty-seven mem-
bers and six visitors were present. Minutes

of the April meeting were read by the Re-

cording Secretary and approved as read.

Membership Chairman Russell D. Stew-

art read the names of the following appli-

cants for membership: Susan Broda-Hy-

dom, Miami, Florida; Pedro Lozada, Lima,

Peru; Jim Hill, Takoma Park, Maryland;

Teresa Meikle, Arlington, Virginia; Lionel

Pagan, San Juan, Puerto Rico.

President David R. Smith announced the

following miscellaneous business. He an-

nounced the banquet and mentioned that

Manya Stoetzal had tickets in hand if any-

body was interested in buying them now.

"A Handbook of the Families of Nearctic

Chalcidoidea (Hymenoptera)" by E. Gris-

sell and M. Schauff is still for sale. Dr. Gary

Steck, Program Chairman, is leaving for

Gainesville, Florida and was presented with

an award in appreciation for his service to

the society. John Kingsolver, a former of-

ficer, was introduced.

Dave Smith also passed around "Notes

from the Underground," the newsletter for

people who study ants. He brought some
sawflies on currant present in this area now.

The speaker for the evening was Dr. Larry

L. Rockwood, Department of Biology,

George Mason University, whose talk was

entitled "Seed Dispersal by Ants: A Case of

Mutualism?" Dave Smith identified some

of the ants for this study and some of the

research presented was from a master's the-

sis by Ms. Jill Swearingen. There are many
examples of ants and plants forming fac-

ultative mutualisms such as leaf-cutting ants

and fungi and extrafloral nectaries to attract

ants who protect the plant against herbi-

vores. An example under study by Dr.

Rockwood is the presence of elaisomes on

seeds to attract ants. Elaisomes are found

in over 60 plant families and allow dispersal

by ants.

This study was of myrmecochorous
plants, or, plants whose seeds are ant dis-

persed. This included plants in the eastern

U.S. such as bloodroot, trout lilly, wild gin-

ger, dutchman's breeches, and violets. These

plants also have a life cycle that is com-
pleted before trees leaf out and set seed be-

tween April and June.

The larvae receive a high quality food in

the form of the elaisome and discard the

seed. Although the ants move the seeds only

a short distance, it is believed the seeds are

moved to highly nutritious sites. It can also

be hypothesized that cleaning of the seeds

by the ants enables the seeds to germinate

faster. Fifteen species of ants are common
seed carriers in the eastern U.S. A nest site

fidelity study revealed that residence time

of these ants is not stable.

What factors select for the attraction be-

tween ants and seeds? There are three ex-

planations: chemical cues, germination en-

hancement hypothesis, and optimal

foraging. Elaisomes are rich in lipids, and

biochemical tests showed 1,2 diolein to be

the specific attractant. Does the seed ger-

minate faster when it is harvested by an ant?

Germination rates with and without the

elaisome in light and dark conditions were

statistically significant with bloodroot seeds

and statistically insignificant with Viola and

Jeffersonia. It is also expected that an ant

will pick up smaller seeds as it moves farther

away from the nest, because it becomes more

expensive energetically to carry it back to

the nest. But it was found that bigger ants

picked up bigger seeds regardless ofdistance

from the nest.

Our visitors were introduced and the

meeting was adjourned at 9:26 p.m. After

the meeting refreshments were provided by

Mr. Harry Painter, Mr. Ralph P. Eckerlin,

and Mr. William Bickley.

M. Alma Solis, Recording Secretary



PROC. ENTOMOL. SOC. WASH.
93(4), 1991, pp. 973-979

PROCEEDINGS
of the

ENTOMOLOGICAL SOCIETY
of

WASHINGTON

Volume 93

OFFICERS FOR THE YEAR 1991

President

President- Elect

Recording Secretary

Corresponding Secretary

Treasurer

Program Chairman

Membership Chairman

Custodian

Editor

Past-President

David R. Smith

Wayne N. Mathis

M. Alma Solis

Hollis B. Williams

Norman E. Woodlcy

Gary Sleek

Russell B. Stewart

James B. Stribling

Robert D. Gordon
Jeffrey R. Aldrich

Published by The Society

WASHINGTON, D.C.

1991

Table of Contents, Volume 93

articles

ANDERSON, ROBERT S. — Larva and pupa of Cleonidius erysimi (Fall) with a discussion of

the phyiogenetic position of Lixini {sensu Kuschel) (Coleoptera: Curculionidae) 288

ASHWORTH, ALLAN C. and DONALD P. SCHWERT-On the occurrences of Opisthius

richardsoni Kirby and Asaphidion yukonense Wickham (Coleoptera, Carabidae) as late Pleis-

tocene fossils 511

BALL, GEORGE E.—Taxonomic notes about the Middle American genus Cyrtolaus Bates

(Coleoptera: Carabidae: Pterostichini) 230

BARNES, JEFFREY K.—Taxonomic status of the Nearctic species ofAuxanommatidia Borg-

meier (Diptera: Phoridae) 930

BARROWS, EDWARD M.-See SMITH, MATTHEW P.



>74 PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

BELLAMY, C. L.—A revision of the genus Eudiadora Obenberger (Coleoptera: Bupresti-

dae) 409

BELLAMY, C. L.— Notes on the G. B. Vogt collection. Part I: South Texas (Coleoptera and

Hemiptera) 733

BOE, A. -See McDANIEL, B.

BOLDT, PAUL E., HUGO A. CORDO, and DANIEL GANDOLFO-Life history of Stolas

(Anacassis) fuscata (Klug) (Coleoptera: Chrysomelidae) on seepwillow, Baccharis salicifolia

(R.&P.) Pers. (Asteraceae) 839

BOTOSANEANU, L. and O. S. FLINT, Jr. -Some Helicopsyche Von Siebold species from

Cuba and Hispaniola with conspicuous androconial systems (Insecta: Trichoptera: Helicopsy-

chidae) 176

BRANCATINI, V. A. -See SANDS, D. P. A.

BROU, V. A. -See CHAPIN, J. B.

BROWN, HARLEY, P. -See SCHMUDE, KURT L.

CHAPIN, J. B. and\. A. BROU— //ar/now/a axyridis (Pallas), the third species of the genus

to be found in the United States (Coleoptera: Coccinellidae) 630

CLARK, WAYNE E.— The Anthonomus guttatus species group (Coleoptera: Curculion-

idae) 262

COKENDOLPHER, JAMES C. a«^ STANLEY R. JONES-Karyotype and notes on the male

reproductive system and natural history of the harvestman Vonones sayi (Simon) (Opiliones,

Cosmetidae) 86

COLLESS, DON H.-See McKEEVER, STURGIS
COLONNELLI, ENZO—New World Cnemogonini (Coleoptera: Curculionidae). New species,

new combinations and a type species designation 272

CORDO, HUGO A. -See BOLDT, PAUL E.

DARLING, D. CHRISTOPHER— 5o/?pa maculata, a new genus and species of Ceinae from

South Africa (Hymenoptera: Chalcidoidea: Pteromalidae) 622

DAVIS, DONALD R.— Neotropical Microlepidoptera XXIV. Description and biological ob-

servations of Ithutomus formosus Butler webbing leaves of Drimys winteri in Chile (Lepi-

doptera: Yponomeutidae) 690

DAVIS, DONALD R., RICHARD C. KASSULKE, KEN L. S. HARLEY, and JOHN D.

GILLETT— Systematics, morphology, biology, and host specificity of Neurostrota gunniella

(Busck) (Lepidoptera: Gracillariidae), an agent for the biological control ofMimosa pigra L. 16

DEITZ, LEWIS L.-See McKAMEY, STUART H.

DREA, J. J. -See HENDRICKSON, R. J., Jr.

ELZEN, G. W.-See NAVASERO, R. C.

ERWIN, TERRY L.-See KAVANAUGH, DAVID H.

EVENHUIS, H. H.-See MENKE, ARNOLD S.

FAGAN, W. F. and L. E. HURD— Late season food level, cannibalism, and oviposition in

adult mantids (Orthoptera: Mantidae): Sources of variability in a field development 956

FERGUSON, DOUGLAS C. -The identity ofArctia obliterata Stretch (Lepidoptera: Arctiidae) 828

FLINT, O. S., Jr.—On the identity of Chloronia bogatana Weele (Neuropterida: Megaloptera:

Corydalidae) 489

FLINT, O. S., Jr.-See BOTOSANEANU, L.

FRANIA, HENRY E.— Displacement of one taxon by another as the cause of certain ecological

shifts in Eustilicus Sharp (Coleoptera: Staphylinidae): A test of the evidence 437

FREIDBERG, AMNON-See MATHIS, WAYNE N.

FROESCHNER, RICHARD C— The lace bug genera Pleseobyrsa and Stragulotingis: Reviews,

keys, and description of one new species in each (Heteroptera: Tingidae: Tinginae) 767

GANDOLFO, DANIEL-See BOLDT, PAUL E.

GEARY, M. J. -See LINLEY, J. R.

GELHAUS, JON K. and CHEN W. YOUNG-The immature instars and biology of the crane

fly genus Brachypremna Osten Sacken (Diptera: Tipulidae) 613



VOLUME 93, NUMBER 4 975

GILLETT, JOHN D.-See DAVIS, DONALD R.

GOEDEN, RICHARD D. and DAVID H. HEADRICK-Notes on the biology, hosts, and

immature stages of Tomoplagia cressoni Aczel in southern California (Diptera: Tephritidae) 549

GOEDEN, RICHARD D.-See HEADRICK, DAVID H.

GORDON, ROBERT D.— West Indian Coccinellidae IV (Coleoptera): New genera and species

of Sticholotidini 298

GORDON, ROBERT D. aw^ NATALIA VANDENBERG- Field guide to recently introduced

species ofCoccinellidae (Coleoptera) in North America, with a revised key to North American

genera of Coccinellini 845

GRISSELL, E. E.—A revision of Nearctic Chalcedectini (Chalcidoidea: Pteromalidae) with a

New World checklist 1

GRUBER, F.-See HENDRICKSON, R. M., Jr.

GUPTA, VIRENDRA K.—Taxonomy of the Oriental genus Kerrichia Mason, with description

of a new species from Nepal (Hymenoptera: Ichneumonidae: Tryphoninae) 751

HALBERT, SUSAN E.—A new species o{ Anoecia (Homoptera: Aphididae) on rhizomes of

Equisetum laevigatum 760

HARLEY, KEN L. S.-See DAVIS, DONALD R.

HEADRICK, DAVID H. and RICHARD D. GOEDEN -Life history of Trupanea califomica

Malloch (Diptera: Tephritidae) on Gnaphalium spp. in southern California 559

HEADRICK, DAVID H.-See GOEDEN, RICHARD D.

HENDRICKSON, R. M., Jr., J. J. DREA, and MIKE ROSE-A distribution and establishment

program for Chilocorus kuwanae (Silvestri) (Coleoptera: Coccinellidae) in the United States 197

HENDRICKSON, R. M., Jr., F. GRUBER, G. MAILLOUX, andi. J. DREA-Parasite col-

onizations against Choceris asparagi (L.) and C. duodecimpunctata (L.) (Coleoptera: Chrys-

omelidae) in North America from 1983 to 1988 67

HENRY, THOMAS i.—Melanotrichus whitehead!, a new crucifer-feeding plant bug from the

southeastern United States, with new records for the genus and a key to the species of eastern

North America (Heteroptera: Miridae: Orthotylinae) 449

HILSENHOFF, WILLIAM L.-See SCHMUDE, KURT L.

HOEBEKE, E. RICHARD—An Asian ambrosia beetle, Ambrosiodmus lewisi, new to North

America (Coleoptera: Scolytidae) 420

HOEBEKE, E. RICHARD and \. G. WHEELER, Jr.-Anthribus nebulosus. a Eurasian scale

predator in the Eastern United States (Coleoptera: Anthribidae): Notes on biology, recog-

nition, and establishment 45

HOFFMAN, RICHARD L.—A useful taxonomic distinction between two similar Cychrine

beetles (Coleoptera: Carabidae) 407

HURD, L. E.— Growth efficiency in juvenile mantids: Absence of selection for optimization

in a food-limited environment (Orthoptera: Mantidae) 748

HURD, L. E.-See FAGAN, W. F.

IRWIN, MICHAEL E.-See WEBB, DONALD W.

JOHNSON, PAUL J.—Taxonomic notes, new records, and a key to the adults of North

American Byrrhidae (Coleoptera) 322

JOHNSON, PAUL J.—Taxonomic review of Lioon Casey and Listemus Casey, with descrip-

tions of two new species (Coleoptera: Byrrhidae) 709

JONES, STANLEY R.-See COKENDOLPHER, JAMES C.

KASSULKE, RICHARD C.-See DAVIS, DONALD R.

KAVANAUGH, DAVID H. andJERRY L. ERWIN-The tribe Cicindini Banninger (Cole-

optera: Carabidae): Comparative morphology, classification, natural history, and evolution 356

KINGSOLVER, JOHN M.—A new species of^mWycerM5 (Coleoptera: Bruchidae) from Central

and South America, with notes on its biology 433

KONDRATIEFF, BORIS C.-See WELCH, JUDITH L.

LANTERI, ANALIA A. a«^ JUAN J. MORRONE-Cladistic analysis of Priocyphis Hustache

and related genera (Coleoptera: Curculionidae) 278



PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

LaSALLE, JOHN and MICHAEL P. PARRELLA-The Chalcidoid parasites (Hymenoptera,

Chalcidoidae) ofeconomically important Liriomyza species (Diptera, Agromyzidae) in North

America 571

LIEBHERR, JAMES K.—A general area cladogram for Montane Mexico based on distributions

in the Platynine genera Elliptoleus and Calathus (Coleoptera: Carabidae) 390

LINLEY, J. R., M. J. GEARY, and R. C. RUSSELL-The eggs of Aedes funereus, Aedes

notoscriptus and Aedes ahernans (Diptera: Culicidae) 592

MAILLOUX, G.-See HENDRICKSON, R. M., Jr.

MALDONADO-CAPRILES, J. and]. A. SANTIAGO-BLAY-Classification of Homalocoris

(Heteroptera: Reduviidae: Hammacerinae), with the description of a new species 703

MARSH, PAUL M.— Description of phytophagous Doryctine Braconid from Brasil (Hyme-

noptera: Braconidae) 92

MARSHALL, S. A. -See WHEELER, TERRY A.

MATHIS, WAYNE N. and AMNON FREIDBERG-Review of Afrotropical beach flies of

the tribe Canacini and subfamily Nocticanacinae (Diptera: Canacidae) 70

McDANIEL, B. and A. BOE— Life history studies, host records, and morphological description

of genitalia of Eurytoma tylodermatis Ashm. (Hymenoptera: Eurytomidae) from South Da-

kota 96

McDANIEL, B. and A. BOE— Morphological differences in genitalia of Bruchophagus (Hy-

menoptera: Chalcidae) that infest alfalfa, red clover, and birdsfoot trefoil seeds (Hymenoptera:

Eurytomidae) 125

McDANIEL, B. and A. BOE—A new Bruchophagus from Glycyrrhiza lepidota Pursh in the

northern Great Plains (Hymenoptera: Chalcidoidea: Eurytomidae) 776

McKAMEY, STUART H. and LEWIS L. DEITZ-Synonymy in the treehopper genera Hop-

lophorion, Metcalfiella, and Ochwpepla (Homoptera: Membracidae) 159

McKAMEY, STUART H. and LEWIS L. DEITZ- Nomenclatural changes in the treehopper

tribes Hoplophorionini, Smiliini, and Talipedini (Homoptera: Membracidae) 193

McKEEVER, STURGIS andDON H. COLLESS-Mouthparts ofAustralian Corethrella (Dip-

tera: Corethrellidae), with a report of a nonbiting species 925

MENKE, ARNOLD S. and H. H. EVENHUIS-North American Charipidae: Key to genera,

nomenclature, species checklists, and a new species of Dilyta Forster (Hymenoptera: Cyni-

poidea) 136

MILLER, DOUGLASS R.— Systematic analysis of Acanthococcus species (Homoptera: Coc-

coidea; Eriococcidae) infesting Atriplex in Western North America 333

MORRONE, JUAN J.-See LANTERI, ANALIA A.

NAVESERO, R. C. and G. W. ELZEN— Sensilla on the antennae, foretarsi and palpi of Mi-

croplitis croceipes (Cresson) (Hymenoptera: Braconidae) 737

NIMMO, ANDREW P. — Seven new species of Limnephilus from western North America with

description of female of L. pallens (Banks) (Trichoptera, Limnephilidae, Limnephilinae,

Limnephilini) 499

NORRBOM, ALLEN L.— The species of A nastrepha (Diptera: Tephritidae) with a Grandis-

type wing pattern 101

ORTH, R. E.—A synopsis of the genus Dictya Meigen with ten new species (Diptera: Scio-

myzidae) 660

OTT, JAMES R.—The biology of Acanthoscelides alboscutellatus (Coleoptera: Bruchidae) on

its host plant, Ludwigia ahemifolia (L.) (Onagraceae) 641

PAKALUK, JAMES— Phylogenetic placement of Phaenocephalus Wollaston (Coleoptera:

Phaenocephalidae & Phalacridae) 317

PARRELLA, MICHAEL P.-See LaSALLE, JOHN
PINTO, JOHN D. and GENNARO VIGGIANI-A taxonomic study of the genus Cerato-

gramma (Hymenoptera: Trichogrammatidae) 719

PULAWSKI, WOJCIECH J.—A new species of Odontosphex from Namibia (Hymenoptera:

Sphecidae) 953



VOLUME 93, NUMBER 4 977

RAY, CHARLES H., Jr. and MICHAEL L. WILLIAMS-Two new species o{ Matsucoccus

Cockerell (Homoptera: Margarodidae) similar to Matsucoccus alabamae Morrison 186

REDDELL, JAMES R.-See TRIPLEHORN, CHARLES A.

ROSE, MIKE-See HENDRICKSON, R. M., Jr.

RUSSELL, LOUISE M. and MANYA B. STOETZEL-Inquilines in egg nests of periodical

cicadas (Homoptera: Cicadidae) 480

RUSSELL, LOUISE M.-See STOETZEL, MANYA B.

RUSSELL, R. C.-See LINLEY, J. R.

SANDS, D. P. A. and V. A. BRANCATINI—A portable penetrometer for measuring leaf

toughness in insect herbivory studies 786

SANTIAGO, SILVIA-See SPANGLER, PAUL J.

SANTIAGO-BLAY, J. A. -See MALDONADO-CAPRILES, J.

SCHAUFF, MICHAEL E.— Chalcid comer—An interactive identification application for the

families of North American Chalcidoidea (Hymenoptera) 962

SCHMUDE, KURT L. and HARLEY P. BROWN-A new species of Stenelmis (Coleoptera:

Elmidae) found west of the Mississippi River 51

SCHMUDE, KURT L. and WILLIAM L. HILSENHOFF-Stenelmis maerkelii Motschulsky

and S. bicarinata LeConte (Coleoptera: Elmidae) 756

SCHWERT, DONALD P. -See ASHWORTH, ALLAN C.

SHELLEY, ROWLAND M.—A fourth genus of small-bodied Xystodesmid millipeds from the

Southeastern Coastal Plain (Polydesmida) 244

SMITH, DAVID R. — Flight records for twenty-eight species of Macrophya Dahlbom (Hy-

menoptera: Tenthredinidae) in Virginia, and an unusual specimen of M. epinota (Say) .... 772

SMITH, MATTHEW P. and EDWARD M. BARROWS -Effects of larval case size and host

plant species on case internal temperature in the bagworm, Thyridopteryx ephemeraeformis

(Haworth) (Lepidoptera: Psychidae) 834

SOLIS, M. ALMA— Revision and phylogenetic analysis of the New World genus Oneida Hulst

(Lepidoptera: Pyralidae: Epipaschiinae), description of a new genus and comments on the

coding of scale color characters 808

SPANGLER, PAUL J. and SILVIA SANTIAGO-A new species and new records from Co-

lombia of the water beetle genus Onychelmis Hinton (Coleoptera: Elmidae: Elmina) 495

STAINES, C. L.— Generic reassignment of Anisostena championi (Baly) to Sumitrosis (Cole-

optera: Chrysomelidae, Hispinae) 867

STEINER, WARREN E., iv.—Branchus whiteheadi, new species, from southern Texas, with

notes on the genus Bronchus (Coleoptera: Tenebrionidae) 425

STOETZEL, MANYA B. and LOVISE M. RUSSELL-Observations on brood X of periodical

cicadas: 1987-1990 (Homoptera: Cicadidae) 471

STOETZEL, MANYA B.-See RUSSELL, LOUISE M.

STOETZEL, MANYA B.-See VON DOHLEN, CAROL D.

THOMPSON, F. CHRISTIAN-The flower fly genus Ornidia (Diptera: Syrphidae) 248

THOMPSON, RICHARD T.—The "missing" females of Albertisius gestroi (Pascoe) (Cole-

optera: Curculionidae), an enigma of natural history, with a note on Dr. H. James 240

TOGASHI, ICHIJI— Three new species of the Nematinus acuminatus group (Hymenoptera:

Tenthredinidae) from Japan, with a key to species 652

TRIPLEHORN, CHARLES A. a«^ JAMES R. REDDELL-Two new species of Eleodes (Co-

leoptera: Tenebrionidae) from Mexican caves 525

VANDENBERG, NATALIA-See GORDON, ROBERT D.

VIGGIANI, GENNARO-See PINTO, JOHN D.

VON DOHLEN, CAROL D. and MANYA B. STOETZEL- Separation and redescription of

Hormaphis hamamelidis (Fitch 1851) and Hormaphis cornu (Shimer 1867) (Homoptera:

Aphididae) on witch-hazel in the eastern United States 533



PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON

WAHL, DAVID B.—A new species of Dusona from New Zealand, and the application of

Dusona vs. Delopia (Hymenoptera: Ichneumonidae, Campopleginae) 947

WEBB, DONALD W. and MICHAEL E. IRWIN-A revision of the Nearctic species of Diali-

neura Rondani and Pallicephala Irwin and Lyneborg (Diptera: Therevidae: Therevinae) . . 969

WEBB, DONALD W. and MICHAEL E. IRWIN-The Nearctic genus Nebritus Coquillett

(Diptera: Therevidae: Therevinae) 899

WEBB, DONALD W. and MICHAEL E. IRWIN-The North American genus Megalinga

Irwin and Lyneborg (Diptera: Therevidae: Therevinae) 914

WELCH, JUDITH L. and BORIS C. KONDRATIEFF-Nomenclatorial changes in the Xan-

thopterus group of the genus Mydas (Diptera: Mydidae) 784

WELLER, S. J.— Revision of the Pentobesa xylinoides (Walker) species group (Lepidoptera:

Notodontidae) 795

WHEELER, A. G., h.—Lepyronia coleoptrata (Homoptera: Cercopidae), an immigrant spit-

tlebug in North America: Distribution, seasonal history, and host plants 463

WHEELER, A. G., ir.—Hesperophylum heidemanni, a rare plant bug: Notes and new records

(Heteroptera: Miridae) 636

WHEELER, A. G., Jr.-See HOEBEKE, E. RICHARD
WHEELER, TERRY A. and S. A. MARSHALL-A revision of the genus Archicollinella Duda

(Diptera: Sphaeroceridae: Limosininae) 933

WIEGMANN, BRIAN M.—A new species of Japanagromyza (Diptera: Agromyzidae) from

Florida, with a key to North American species 62

WILLIAMS, MICHAEL L.-See RAY, CHARLES H., Jr.

WIRTH, WILLIS W.—New and little-known species of Forcipomyia (Diptera: Ceratopogon-

idae) associated with cocoa pollination in Brazil 163

WOODLEY, NORMAN E.-Stratiomyidae of Cocos Island, Costa Rica (Diptera) 457

NOTES

BOE, ARVID—A new host record for Contahnia geniculati (Reuter) (Diptera: Cecidomyiidae) 789

BOLDT, PAUL E.-See GAGNE, RAYMOND J.

DAVIS, DONALD R.— Lectotype designation for Opostega heringella Mariani, a synonym of

Opostega spatulella Herrich-Schaffer (Lepidoptera: Opostegidae) 206

GAGNE, RAYMOND J.— 5avmo/fl Gagne, new name for Bayeria Riibsaamen 1914 (Diptera:

Cecidomyiidae), preoccupied by Fritsch 1 905 (Pisces) 791

GAGNE, RAYMOND J. and PAUL E. BO\T>J-Asphondylia (Diptera: Cecidomyiidae) does

not reflect the disjunct distribution of Larrea (Zygophyllaceae) 509

GAYUBO, S. F.-See TORMOS, J.

HALSTEAD, JEFFREY A.— Thaumatella Kirby: A generic synonym of Brachymeria West-

wood (Hymenoptera: Chalcididae) 951

JENKINS, JOHN—A simple device to clean insect specimens for museums and scanning

electron microscopy 204

KITTLE, PAUL D.— Trepobates citatus Drake and Chapman, a new junior synonym of Tre-

pobates subnitidus Esaki (Heteroptera: Gerridae) 945

RIDDICK, ERIC Vs/. — Pseudomethoca simlllima (Smith) (Hymenoptera: Mutillidae), a newly

discovered parasitoid of A ndrena macra Mitchell (Hymenoptera: Andrenidae) 208

TORMOS, J. and S. F. GAYUBO—On intraspecific variation in the Alysiinae (Hymenoptera:

Braconidae) 20

1

WILLIAMS, CHARLES E.—New England aster. Aster novae-angliae: A new host record for

Microrhopala xerene (Coleoptera: Chrysomelidae) 790

ZACK, RICHARD S.—Apteraliplus parvulus (Roberts) (Coleoptera: Haliplidae) in the Pacific

Northwest 865



VOLUME 93, NUMBER 4 979

OBITUARIES

CARLSON, R. B. and J. T. SCHULZ- Edward U. Balsbaugh. Jr., 1933-1991 966

GORDON, ROBERT D.-Donald R. Whitehead, 1938-1990 226

HOFFMANN, CLARENCE H. -William Edwin Hoffmann, 1896-1989 210

SCHULZ, J. T.-See CARLSON, R. B.

BOOK REVIEWS

WHEELER, A. G., ]r.— Special Biotic Relationships in the Arid Southwest 216

MISCELLANEOUS

GORDON, ROBERT D.-The D. R. Whitehead Memorial Issue, Editor's Preface 224

EDITOR'S NOTE 514

ANNOUNCEMENT 792

CORRECTIONS 793

SOCIETY MEETINGS AND REPORTS OF OFFICERS 967

TABLE OF CONTENTS, VOLUME 93 973









PUBLICATIONS FOR SALE BY THE
ENTOMOLOGICAL SOCIETY OF WASHINGTON

Miscellaneous Publications

Cynipid Galls of the Eastern United States, by Lewis H. Weld $ 5.00

Cynipid Galls of the Southwest, by Lewis H. Weld 3.00

Both papers on cynipid galls 6.00

Identification of Alaskan Black Fly Larvae, by Kathryn M. Sommerman 1.00

Unusual Scalp Dermatitis in Humans Caused by the Mite Dermatophagoides, by Jay R.

Traver 1.00

A Short History of the Entomological Society of Washington, by Ashley B. Gumey 1.00

Pictorial Key to Species of the Genus Anastrepha (Diptera: Tephritidae), by George C.

Steyskal 1.50

Taxonomic Studies on Fruit Flies of the Genus Urophora (Diptera: Tephritidae), by George C.

Steyskal 2.00

Memoirs of the Entomological Society of Washington

No. 1. The North American Bees of the Genus Osmia, by Grace Sandhouse. 167 pp. 1939 $15.00

No. 2. A Classification of Larvae and Adults of the Genus Phyllophaga, by Adam G. Boving. (out of

95 pp. 1942 print)

No. 3. The Nearctic Leafhoppers, a Generic Classification and Check List, by Paul Wilson Oman.
2 5 3 pp. 1949 _ 1 5 .00

No. 4. A Manual of the Chiggers, by G. W. Wharton and H. S. Fuller. 185 pp. 1952 15.00

No. 5. A Classification of the Siphonaptera of South America, by Phyllis T. Johnson. 298 pp.

1957 15.00

No. 6. The Female Tabanidae of Japan, Korea and Manchuria, by Wallace P. Murdoch and Hirosi

Takahasi. 230 pp. 1969 15.00

No. 7. Ant Larvae: Review and Synthesis, by George C. Wheeler and Jeanette Wheeler. 108 pp.

1976 11.00

No. 8. The North American Predaceous Midges of the Genus Palpomyia Meigen (Diptera: Cera-

topogonidae), by W. L. Grogan, Jr. and W. W. Wirth. 125 pp. 1979 12.00

No. 9. The Flower Flies of the West Indies (Diptera: Syrphidae), by F. Christian Thompson. 200

pp. 1981 10.00

No. 10. Recent Advances in Dipteran Systematics: Commemorative Volume in Honor of Curtis W.
Sabrosky. Edited by Wayne N. Mathis and F. Christian Thompson. 227 pp. 1982 1 1.00

No. 1 1. A Systematic Study of the Japanese Chloropidae (Diptera), by Kenkichi Kanmiya. 370 pp.

1983 18.00

No. 12. The Holarctic Genera of Mymaridae (Hymenoptera: Chalcidoidae), by Michael E. Schauff.

67 pp. 1984 5.00

No. 13. An Identification Manual for the North American Genera of the Family Braconidae (Hy-

menoptera). by Paul M. Marsh, Scott R. Shaw, and Robert A. Wharton. 98 pp. 1987 18.00

Back issues of the Proceedings of the Entomological Society of Washington are available at $25.00 per volume
to non-members and $13.00 per volume to members of the Society.

Prices quoted are U.S. currency. Postage extra except on prepaid orders. Dealers are allowed a discount of 10

per cent on all items, including annual subscriptions, that are paid in advance. All orders should be placed with

the Custodian, Entomological Society of Washington, c/o Department of Entomology, NHB 168, Smithsonian

Institution, Washington, D.C. 20560.



CONTENTS
(Continued from front cover)

WAHL, DAVID B.—A new species of Dusona from New Zealand and the application ofDusona

vs. Delopia (Hymenoptera: Ichneumonidae, Campopleginae) 947

WEBB, DONALD W. and MICHAEL E. IRWIN—A revision ofthe Nearctic species ofDialinura

Rondani and Fallicephala Irwin and Lyneborg (Diptera: Therevidae: Therevinae) 869

WEBB, DONALD W. and MICHAEL E. IRWIN—The Nearctic genus Nebritus Coquillett

(Diptera: Therevidae: Therevinae) 899

WEBB, DONALD W. and MICHAEL E. IRWIN—The North American genus Megalinga Irwin

and Lyneborg (Diptera: Therevidae: Therevinae) 914

WELLER, S. J.— Revision of the Pentobesa xylinoides (Walker) species group (Lepidoptera:

Notodontidae) 795

WHEELER, TERRY A. and S. A. MARSHALL—A revision of the genus Archicollinella Duda

(Diptera: Sphaeroceridae: Limosininae) 933

NOTES

HALSTEAD, JEFFREY A.— Thaumatelia Kirby: A generic synonym ofBrachymeria Westwood

(Hymenoptera: Chalcididae) 951

KITTLE, PAUL D.— Trepobates citatus Drake and Chapman, a new junior synonym of Tre-

pobates subnitidus Esaki (Heteroptera: Gerridae) 945

ZACK, RICHARD S.—Apleraliplus parvulus (Roberts) (Coleoptera: Haliplidae) in the Pacific

Northwest 865

OBITUARIES

CARLSON, R. B. and J. T. SCHULZ-Edward U. Balsbaugh, Jr., 1933-1991 966

SOCIETY MEETINGS 967

TABLE OF CONTENTS 973

^





V//'

^"s^^i^^^^i*^^-^^^'^-
NOSHillAIS S3iaVdan"LIBRARIES SMITHSONIAN~INSTITUTION NOIiniliSNI~NVINOSHill^S^

UJ 2 \ ^ Z • CO Z C

ITHSONIAN INSTITUTION NOUniliSNI NVINOSHIIIAIS S3ldViian LIBRARIES SMITHSONIAN'— tr\ ^ '^ i/i — ir\

O
_ _ z

NOSHIIWS SHIbVdan libraries SMITHSONIAN INSTITUTION NOIiniliSNI NVINOSHilWS

\ ± en ^ crt _ </)

ITHSONIAN INSTITUTION NOIiniliSNI NVINOSHiltNS SBIilVdail LIBRARIES SMITHSONIAN

Z
o
CO
X

N0SHillMS*^S3 I y Vd a n_ LI B RAR I ES*^SMITHS0NIAN_ institution NOIiniliSNI__NVINOSHilWS

ITHSONIAN~'lNSTlTUTION NOIiniliSNI*^NVINOSHimS S3 I d Vd 3 n"^LI B RAR I ES^SMITHSONIAN~ z r- , z r- z

Z
iNOSHiii/Ms S3iavaan libraries Smithsonian institution" woiifiiiiSNi NviNosHims

t^ Z , W
^ ^ Z » CO z

ITHSONIAN institution ^^NOIiniliSNI NVlN0SHilWS^S3 I H Vd 8 I I^LI B RAR I ES*^SMITHSONlAN

3 2 -»

NOSHiiws S3iyvHan libraries Smithsonian institution NoiiniiiSNi NViNosHiiws
r-

ca

>

_ CO ± CO ~
CO

ITHSONIAN INSTITUTION NOIiniliSNI NVlNOSHilWS S3iaVdan LIBRARIES SMITHSONIAN
Z .V; CO z ^. w z ..-. g>



p
£ — t/> ^ ± (/)

^-^^ ? </>

an LIBRARIES SMITHSONIAN INSTITUTION NOIiniliSNI NVINOSHill^S S3ldVdan LIE
2 , <2 ^ ^ z • </J 2 ^ ^ ?

lON^^NOIinillSNI NVIN0SHilWS*^S3lbVdan LIBRARIES*^SMITHS0N1AN INSTITUTION NOI
CO ^ ^ 5 \ <^ ^ 5 </>

— to

an LIBRARIES SMITHSONIAN INSTITUTION NOIiniliSNI NVlNOSHillMS SBiyVbaH LI I

2 r- 2 r-
. z r-

(/> =; w = o) \ E t/>

ION NOIiniliSNI NViNiosHiiws S3iavyan libraries Smithsonian institution nc
</> z ^ ^ w 5 V-- ^ 2 V <^

an libraries Smithsonian institution NoiiniiiSNi nvinoshiiims saiyvaan li
<o 5 ^ ^ ifi — ... CO

2 J 2 -I 2 * -J Z
ION NOIiniliSNI NVINOSHIIWS SBiaVdaiT libraries SMITHSONIAN INSTITUTION NO

2 r- . 2 r- 2 r- 2

an~LIBR ARIES SMITHSONIAN~INSTITUTION*^N0liniliSNl""NVIN0SHill^S S3iaVaan~LI
2 , ^ 2 . (O 2 w z

W ^' 2 CO
''- Z CO 2 tO..^

ION NOIiniliSNI NVINOSHIIWS S3iyVdan libraries SMITHSONIAN INSTITUTION NO

an libraries Smithsonian institution NouniiiSNi NviNOSHims S3ibvdan li
z

00

>
50

'/<:55^'^^'^«J-niiiSNi NViNOSHiiws S3 1 dvy 8 n~Li B RAR I es'^smithsonian'institution nc
y ^ ^^r\ 2 ^ </> 2 .^..v. W Z v CO




